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PREFACE 




This book provides a general introduction to zoology. It is primarily 
intended for"the use of freshmen and sophomores in colleges and univer- 
sities and attempts to cover all aspects of the subject. It comprises a 
general account of the properties of life, animal biology and a survey of 
the Animal Kingdom, followed by general principles of biology, as shown 
by the Table of Contents. It has been found best to begin with the frog, 
a relatively common, easily handled and large animal, then to turn to the 
Protozoa and work up the scale to man. Experience has shown that a 
systematic approach provides a sound and rational understanding of the 
structure, functions and behaviour of animals. An attempt has however 
been made to combine the advantages of the “ phylum method ” with those 
of the “ types method ” and the “ comparative ” or the “ principles method” 
of treatment. The “ project method ”, has not been found to harmonize 
with the scope of this book. The Synopses of Classification, extending to 
orders or families, with common or notable examples, arc intended for 
reference. The classification followed in each case is that of the most 
^recent and the best known authority and includes fossil forms also. A 
Glossary of the more important technical terms is appended at the end. 
The Bibliography includes a few selected works, in which the student w ill 
find both elementary and advanced material for reference and further study. 
It is hoped that he will not be too rigidly bound down to his textbook and 
the prescribed syllabus, but will enjoy reading a wide variety of works. 
The omission of a list of “ test questions ” from the book is deliberate ; its 
inclusion is incompatible with the aims of this book. 


While I have kept in view the recent advances in various fields in the 
subject, I have not however attempted to make the book so up-to-thc- 
minute that it contains a mass of premature conclusions from very recent 
works. Though the recent progress in biological sciences has proved fatal 
to it, the classical cell theory, for example, is discussed in its original form. 
This has been found necessary because a rational understanding of the 
subcellular phenomenon is impossible without a knowledge of the classical 
theory. In keeping with modern trends however, I have laid greater 
emphasis on the ecological aspect than has hitherto been the case. 

A book of this kind naturally involves great condensation in order to 


eep within reasonable limits. Although the book does not claim to be a 
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record of new discoveries, it is not at the same time wholly a compilation, 
since it is largely based on my own observations. Most of the types of 
animals described have been dissected dozens of times in the course of 
class demonstrations or on other occasions. A large number of statement 
of facts has been verified by personal observations. 

The book is profusely illustrated. Most of the figures are original 
and were prepared specially for this book from specimens in the Zoology 
Museum, St. John’s College, Agra, under my supervision by Mr. Rangi Lai 
Jain, Part-time Artist, Entomology School of Research. Zoology Department, 
St. John’s College. A certain lack of uniformity of quality in some of the 
figures that may be visible to a discerning eye is due to the fact that the 
artist had actually to be trained as the work progressed. Some of the 
figures have been redrawn or borrowed from other publications, the sources 
of which are suitably acknowledged in the legends. A few figures that arc 
from my own pen arc recognized by my initials. All the photograf s 
reproduced as three-colour phototints and half-tones were taken by me. 

In the preparation of this book I have received considerable assistance 
from a large number of my past and present students. I am particularly 
indebted to Dr S. P. Bhatnagar, Messrs V. P. George, Ravi Prakash 
Mathur, Omcsh Narain Saxena, Visva Nath Sinha and S. S. Khanna for 
disjcctions and for preparations ol skeletons and microscope slides. Mr. 
S. N. Rao, Research Assistant, gladly undertook the “drudgery” of typing 
the manuscript for the press. He and my other Research Assistants Dr 
(Miss) A. Philip and Mr. Chandy Kurian, helped me in reading through 
the printer's proof sheets. To Mr. D. S Chowdhcry, Lecturer in Anatomy, 
Thomson Medical College, Agra, I owe a deep debt of pratitude for 
several human bones, embryos and some of the histological slides 
figured in the book. My wife and my son Yisvanath collected a number of 
specimens, especially the mollmcan shells, some of which illustrate the 
following pages. I must also thank Mr. C. Mahajan. Principal, St. lohn’s 
College, Agra and my predecessor in "like Dr I.. P. Mathur, for facilities 
and for numerous other courtesies. Last but not the least, my thanks are 
also due to the Publisher and the Printer lor the pains they have taken in 
bringing this took out. 

The aim that underlies this book is twofold : firstly the study of the 
structure of animals, correlated wiih their functions, leading to the know- 
ledge of human physiology and the relation of man to other animals and 
secondly the study of evolution and all that it involves. It is hoped that 
this book will not merely help the student in preparing for various 


iii 

examinations but also arouse in him an abiding interest in the subject and 
create a love for animals. I have merely stated my intention but cannot 
say whether I have succeeded in writing a book that will achieve all these. 
I have no doubt committed many mistakes and a few misprints have also 
crept in. It is fashionable for an author to crave for the readers* indul- 
gence for these mistakes. Perhaps such mistakes arc inevitable and may 
be. excusable in themselves, but it is inexcusable not to use every effort 
arid resource to prevent, discover and correct them. I therefore seek 
criticism from all, students and teachers alike, who will use this book, 
rather than indulgence for my shortcomings. 

Zoology Department, 

St. John’s College, M S. Mani 

a<:ha % Mdirh ?, riio. 
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INTRODUCTION 


DEFINITION AND SCOPE 


Zoology (from the Greek zoon t allied to Sanskrit jeevan = animal and 
logos ~ discount) is the science of animals. It is one of the two great 
subdivisions of Biology or the science of life. The other subdivision 
of biology is Botany or the science of plants. Biology, geology, chemistry, 
physics and astronomy constitute the various branches of Natural History. 

The aim of /oology is an understanding of the structure and bodily 
functions of animals, their distribution, habits, behaviour, relationship 
to one another and to the surroundings in which they live, their classification, 
development, origin, past history and economic importance. 

The subject matter of zoology includes all the animals living on the 
earth at present and the animals which lived in the past. Animals are found 
everywhere on the earth : in water, on land and in the air. They arc 
found even within our own bodies. Many arc found underground, in the 
hot dry deserts, in hot and sulphur springs, on high mountains and in deep 
wells. There is in fact not a square inch of the earth’s surface 
which is not inhabited by some kind of animal or other. The number of 
individuals of animals on the earth is beyond computation. It is however 
possible to make an estimate of the kinds of animals. Over a million 
different kinds or species of animals, living at the present time, have 
so far been named and described by zoologists. Every year hundreds of 
new animals are discovered. Millions of totally different kinds of animals 
lived in the distant past and perished without leaving behind any living 
representatives. Indeed we only know of their past existence from their 
petrified bones, which arc found buried as fossils in rocks. The 
great giant dinosaurs (Fig. i), some of which attained a length of over 
150 feet and weighed several hundred tons, are examples of such 
extinct animals. 


Zoology tells us that animals first appeared on the earth nearly 
a^TEousan cTmillion year ago ^ They all at first lived in the sea and were 
mostly minute and very simple in oraganization. They did not possess 
complicated organs like mouth, stomach, brain, etc. After a long time, 
they gradually became more and more complex and developed various 
organs for performing different functions. Many of them ultimately left 
sea, in se arch, of food or to escape from enemies, and gradually 

^ 7 - " — - • - 




I'm. 1. Brontosauru * , the* •• than, lor reptile ” (so named from t ) m i™- i 
.,.iso it is supposed to )„nv m.dc wltilti walkinc) is a S .ill ^ 
nourished over one hundred million yp„r* „ c „ I, j* now extinct ? It moMHiirpd 11 # 

5 V ; f " r " ."‘l’ '"-"'"- *»•'•»■ -l- 'k.. only ..f livin' uni.mil. of lie 'present bnl 
<■' tlw extinct ones of the oust. (Itedrawn cut also 

in <Ar y. u ,d„ju S-,. J, („ll r .je, Agra.) ‘ ,0 »' a Pl> of a re- 


The subject matter of .-.oology is thus so vast and so varied • it 
speaks of the fish in the sea, the beasts of the forest, the birds and 
mseas of the a.r, and of the great dinosaurs and other numerous 

!; 1,net r.r , Ic ai:o ; roaks 01 himself. I, tells us of the structure 

of our body an I desenbes our past history and heritage. It forms the 
oasts tor agriculture and for medicine. It has many branches • 


Morphology deals wi»h the structure of unimah 
Physiology di-scribea their ! km lily functiond 


INTRODUCTION 


Embryology describes the development of an animal 
-Heredity is the study of inheritance of an, mala 
Taxonomy is the clastiScation of animals 

Palaeozoology speaks of the fossil remains of ext, net an.mals 

r =r — 

in different parts of the oarth 

Pathology deals with abnormalities ,n an, mala 

Pjychology describes the mental phenomena or an, male and 

Evolution^ describee the origin and different.at.on of an, male. 

The following subdivisions of zoology are restricted to the special 
study of a particular group of animals : 

Protozoology i. the branch which i. concerned with the minute un.ceUul.r 

organisms or Protozoa 

Entomology i« tho eludy of insecte 
Ichthyology i» tho etudy of 6»l.o» 

Ornithology « the etudy of b,r,U and 
Anthropology i. tho etudy of man and hte culture. 

In addition, a list of practical applications of zoology includes 
animal husbandry (breeding of domestic animals), poultry (fowl-rear.ng), 




apiculture ^bee-Keeping;, — — 

which teaches us the principles of maintaining health. 
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INTRODUCTION TO ZOOLOGY 

Zoology is perhaps as old as man himself. Prehistoric races of men, 
who lived a quarter of a million year ago, were keen observers of 
animals. They have, for example, left down to us records of their vivid 
impressions of the animals with which they were familar. They carved on 
bones crude but wonderfully accurate figures of the woolly mammoth, 
reindeer, etc., (Fig. 2). As a pure science, zoology may be said to have 
been founded by the Greek philosopher Aristotle (384-320 B.C.). As 
aniplaped science./.oology was already much advanced in India long before 
the Greeks. The great Indian epics Ramayana and Mahabharata contain 
references to Asvaahaxlra (the science of horse) and Gajashaslra (the science 
of elephant). The Chinese knew the use of silk, which is produced by 
the silkmoth caterpillar, several centuries before the Greeks. 


CHAPTER I 


LIFE 


THE LIVING AND THE NON LIVING 

The world around us comprises two more 
of substances- the living and the "on. ■ non-living matter. 

ss :: 

Sctd'pct: t rr 8 c a n 0r .en n :£ difference between a dog 
and a stone ; the dog is alive and the stone ts dead. 



Fro 3 Any one -n s,J ^ WMS 

i anH prows, it can bark or bite and can give 

A dog runs, « « do a of thes£ things, because it is 

b.rth to pupp,e . A «one rf icd .« r£ s„ng stages” of 

not a living thing (.1 >g- i) . c arc given 

many lowly animals appear wholly mert and m , y 

favourable conditions, show signs o • • , autonomous 

be recognized by several unique charactensuc features,^ 4 . 

movements, 2. characteristic form and size, * irritability, ’ and 

characteristic chemical compos.t.on, 5 - metabol.sm, 6. 

7. reproduction. 
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INTRODUCTION TO ZOOLOGY 


Autonomous movements.— Living organisms generally exhibit 
various kinds of movements. An animal, so long as it is alive, can move 
from place to place. It can chew food. It can kick its legs or wag its 
tail. Fishes swim, birds, bar, and insects fly. Lifeless matter like a piece 
of stone cannot move of its own. It remains where it is put. 

Many non-living things, like a locomotive steam engine or a motor 
car, can also move. Their movements arc, however, quite distinct from 
those of a cow for example. An engine or a motor is a man-made machine 
and it can only move if worked by a living being. It cannot move 
spontaneously. Living organisms on the other hand move spontaneously, 
i.c., their movements are autonomous and do not come from outside. 
Autonomous movement is perhaps the most striking of all the unique 
characters of living matter. It is therefore the first test of life. Primitive 
men and animals indeed always associate movement with life. Carnivorous 
animals instinctively grab at any movirg object, mistaking it for their 
prey. If, for example, you wave a small piece of ribbon or other similar 
object in front of a frog, it will snap at the ribbon thinking it to be a fly. 


Form and size —All living organisms usually have a definite form 
and size, constant within certain limits for the same kind of animal or 
plant. All cats, for example, have a definite average size and an unmistakable 
form. Non-living matter varies very much both in form ard si/.c. A 
crystal of copper sulphate may be of the size of small sand grain or may 
be as large as a football. Water or air have no definite shape of their 
own or size. The constancy of form and si/.c is one of the unique characters 
of living matter. 

Organization Living matter has a definite organization in all cases. 


It is built of various structures and organs performing various functions. 

All parts of living organisms are composed of microscopic units called 

cells. Some plants and animals are single cells, while others like man, 

contain several billion cells in their body. Aggregates of similar cells 

performing the same function constitute a tissue, as for example, muscle 

nerve, bone, etc. Many tissues go to make an organ. In non-living 

matter any organization depends entirely on the constituents and their 

mode of formation. Most living beings have individuality, i.e a 

living organism is an entity ; it is a discrete unit. Though we can have 

half a brick or quarter of a crystal of common salt, we cannot have half 

a horse or three-fourths of a co*. Whether minute or large, all living 

organisms are complete indivisible units and possess all the characteristic 
properties of life. uv 



LIFE 


7 


Chemical composition-— The body of all living organisms is largely 
made up of carbon, oxygen, hydrogen, nitrogen and varying amounts of 
sulphur, phosphorus, calcium, sodium, iron, chlorine, etc. These elements 
are combined together into a highly complex mixture of elements and 
compounds. This mixture of living substance is called protoplasm. 
Protoplasm is never met with anywhere except in a living organism ; it is in 
fact living mutter. It has been called the physical basis of life. 

It was first discovered to be a distinct substance in 1835 by a 
Frenchman, Dujardine by name, who called it sarcode. The name 
protoplasm was given by a German, Hugo von Mohl, who described it in 
plants for the first time in 1846. 

Protoplasm differs in different animals. In the same animal the 
protoplasm in muscle is different from that in a nerve. Inspite of these 
differences, all protoplasms have many common characteristic properties. 
These properties arc really the properties of living matter. 

Protoplasm can be recognized by its physical character, microscopical 
structure, chemical composition and physiological character. 

Physical character of protoplasm : Protoplasm is a viscid, 
gelatinous, jelly-like, colourless, translucent colloidal emulsion. In a 
colloidal system, ultramicroscopic particles or droplets arc suspended in a 
liquid. The suspended substance is called dispersed medium or discontinuous 
phase and the liquid in which it is dispersed is called the dispersion medium 
or continuous phase. The size of the colloidal particle is about 0.000,0001 
mm. In a true solution the dispersed particle is the molecule. A 
colloidal emulsion results if droplets of one liquid arc suspended in 
another. In protoplasm, water is the continuous phase, in which ultra- 
microscopic solid particles are in colloidal suspension or droplets of liquids 
arc in emulsion. In addition to these particles and droplets, protoplasm 
also contains larger microscopic particles, crystals, fat droplets, etc., in 
simple mechanical suspension. A large number of mineral salts arc also 
dissolved in water and other liquids in the protoplasm. 

Microscopical structure : Under the microscope protoplasm appears 
like a heavy viscous liquid with innumerable granules of different sizes. 
Sometimes numerous fibres form a close network, giving the protoplasm a 
reticular appearance. Very often large droplets arc distributed in the liquids, 
so that the protoplasm has an alveolar or foam-like appearance (Fig. 4 • 

Chemical character : The exact composition of protoplasm is not 
known. It does not however contain any new element, which is noi already 
known in the non-living world. The following elements are found in 

protoplasm : 
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Carbon about 20% 

Oxygen 70% 

Hydrogen 10% 

Nitrogen 30% 

Sulphur, phosphorus, iron, magnesium, calcium, sodium and chlorine 
constitute less than i°i of protoplasm. Although these elements occur in 
such minute proportions, they arc of vital importance. Some of these 
substances are specially abundant in certain forms of protoplasm, for 
example, iron in the protoplasm of blood and phosphorus in the protoplasm 
of nerve. Without these minute quantities of iron or phosphorus there 
can be no blood or brain. 



Km. ». ApptMirnnrc of protoplasm iimlor tin* ii.i.-r* *-**j»«*. When highly mngni* 
fi-«l protoplasm looks liku n " fount". 

The following chemical compounds are also found in protoplasm : 
Proteins, fats, carbohydrates, water, salts and gases. 

Proteins are complex compounds of carbon, oxygen, hydrogen, 
nitrogen, sulphur and sometimes phosphorus also. They aie giant molecules, 
some of them being nearly as big or bigger than colloidal particles. 
Proteins are indeed colloidal in nature. They have high molecular weights, 
often as high as 500,000 an l arc built of units known to the chemist 
as aminp acids. Most of them do not dissolve in water but they are 
capable of absorbing considerable quantities of it and swelling up. Their 
molecules arc too big to allow them to pass through the pores of a filter. 
They arc however invisible under the highest power of the microscope. 
Their complex chemical make-up and their large size enable them to 
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react with a very large number of other substances. The number of 
proteins found in different protoplasms is very great. They are in fact 
the bricks of which protoplasm is built up. They perform a variety of 
functions in protoplasm : some aid in liberation of energy, others store 
up energy, still others form protective envelops. 

Fats and carbohydrates are also complex compounds of nearly 
the same elements but in very different proportions and with different 
arrangement of atoms. In protoplasm they serve as fuel for liberation of 
energy. In addition to these compounds, there are also many enzymes. 
Enzymes arc considered to be proteins but unlike the ordinary proteins, 
they act as catalytic agents. Vitamins , which are chemical compounds 
having NHo-radicals, also occur in protoplasm. 

Water is the most abundant constituent of protoplasm, of which 
it forms nearly 96% by weight. It is found both in the free state and in 
chemical combination. It is capable of dissolving a larger number of 
substances than any other liquid and it thus makes possible many chemical 
reactions in protoplasm. Among the salts commonly found in protoplasm 


arc sodium chloride and calcium carbonate. 

In protoplasm, these elements and compounds are chemically 
aggregated together or exist in complex mixtures. Protoplasm therefore 
is not a simple substance but • is a heterogenous mixture of solids 
in liquids, liquids in liquids and liquids in solids. Surrounding these 
solid and liquid regions there are molecular surface films. A surface 
film has the property of absorbing the molecules of many substances. 
Many of the chemical activities of protoplasm are really due to its colloidal 
nature and to its surface films. It is chemically extremely anstabU and 
highly variable. It is always undergoing chemical decomposition and some 
of the complex molecules are always constantly breaking down into 
simpler substances. At the same time new material is constantly being 
built up into complex compounds. 

PHYSIOLOGICAL character : Living matter is continually breaking 
down and as continually rebuilding itself up. The sum^otal of these vital 
activities of maintenance, automatic repair and' growth is calico 
metabolism. Metabolism is the unique character of llv ‘ n I 
alone. The building-up activity is called anabolism and the pn: 0 
down is called catabolism. Anabolism and catabolism are thus two 
phases of metabolism. Building-up and growth require material an 
energy : these come from the food. Energy is liberated from the oxidation 
of the food by the oxygen of air breathed in by the organism. When 


I 
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the building-up process outweighs the breaking-down process, the organism 
grows. Lifeless things, for example crystals, also grow but their growth is 
due to the addition of matter on the outside and no transformation of material 
takes place. Living organisms grow by transforming the non-living 
material into the living material within themselves. 

As explained above, the breaking-down process is automatically balanced 
by the building-up process. Living matter has thus the power of automatic 
repair. If, for example, a boy and his bicycle gel smashed up in a common 
accident, the injuries to the boy will automatically heal up in time but 
the damage to rhe cycle will not. 

If the process of breaking-down exceeds that of building-up, the 
living matter undergoes decay and finally death supervenes. Living 
marier is therefore continually dying but as continually creating itself. 


Irritability and adaptation — Living beings have the inherent 
power to receive and respond to external stimulus ; they react to changes 
in the environment. The changes in the environment act as stimuli , 
which produce in the organism the response. This power of responding 
to stimuli is called irritability. 

If you drive a nail in a stone or wood, it docs not cry or move away, 
but a pin-prick in your finger will make you draw your hand away. 
You may also cry because of the pain! Your response is spontaneous 
or automatic. Similarly an electric shock makes the muscles of an animal 
so long as it is living, contract. Some stimuli like abundant oxygen, light, 
alcohol, etc., make the response vigorous, others like poisons, carbon dioxide. 


etc., depress the responsive activities of living beings. Because the 
conditions of heat, cold, light, pressure, moisture, food, oxygen, etc., in 
the surroundings of an organism arc continually changing, the latter also 
continually records to each new change. Some of these responses arc 
useful to the organism, which thus becomes adjusted or adapted to the 
changed conditions. If the water of a pond dries up, all the aquat c animals 
in it either migrate away or bury themselves under the mud to “ sleep away ” 
the summer. Non-living matter does not respond or adapt itself in this way. 

Reproduction. —The capacity to reproduce themselves is a very 
important feature of living beings. Each organism has the ability to dupli- 
ue itself, .. ot producing a fresh version of itself and thus g.ving rise to 
numerical increase. A mango tree pioduccs the seeds, which glow into 
m mgo .tees again. A dog gives birth to puppies, which grow u P into dogs 
and m then- turn give birth again to puppies. Lifeless matter does not re 
produce itself; a pencil does not for example give rise to another pencil. 
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There is thus a regular rhythm in the activities of living matter. It 
undergoes a regular cycle of changes : birth, growth, reproduction, decay 
and death. Such an orderly cycle of changes is not characteristic of lifeless 
matter. 

Because they liberate energy by oxidation of the living substances, living 
organisms have often been compared to a fire. The famous French chemist 
Lavoisier considered life as a sort of sl»w combustion. A fire is merely rapid 
combustion but with the same results as in the case of the slow combustion 
in the living body. In both the cases matter is converted to simpler 
forms and energy is liberated. In both fire and life carbon dioxide and water 
are produced as waste products of the combustion. The difference between 
the two is only of speed. We might indeed consider the human body as 
slowly burning itself away ! 

The body of an animal has also frequently been compared to a 
machine or a huge and complicated factory. The resemblance is however 
very superficial. An animal body is far more complicated than any of the 
most complicated man-made machines. A machine is controlled from outside , 
the body of an animal controls itself from inside. A machine cannot also 
repair itself but in the case of an animal this is constantly going on. Machines 
cannot reproduce themselves as animals do. 

Nature of life — The distinction between the living and the non-living 
thus appears to be quite sharp and unmistakable. This is however not 
really the case. The differences between the two types of matter arc not 
absolute. There are many exceptions. The so-called unique characters of 
living matter enumerated above are by no means the exclusive properties ol 
life. The ordinarily non-living matter also shares many of these characters 
of living matter. Autonomous movements are, for example, not always a 
safe guide in determining whether a certain thing is alive or not. Microscopic 
particles of dust suspended in water costantly move to and fio, hither and 
thither. These are the Browian movement’, named after a botanist Biw" n 
who first observed them. All matter, living as well as non-living, arc 
composed of atoms, of which 97 kinds are so far known. Atoms are incon- 
ceivably minute and are themselves built of still smaller electron * and 
Each atom resembles a miniature solar system. The electrons are rap • > 
revolving round the central protons. Some of these outermost elections o 
an atom often knock off but the atom becomes whole again automatically y 
picking up electrons from outside. Thus it shares the power of automatic 
repair and maintenance of its organization, a feature characteristic o iving 
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matter. It is now known that matter and energy are one ; matter creates 
itself from energy, just as living matter reproduces itself. 

There are certain substances known as viruses. Viruses are complex 
protein molecules of high molecular weight, that exhibit the characteristic 
properties of living cells. The average size of a virus is 25 millimicra.* It 
contains about 400 proteid molecules. Some of them are even smaller than 
certain protein molecules. The smallest bacterium, which is hardly visible 
under the highest power of the microscope, is nearly ten times larger than a 
virus. Being much smaller than colloids, many viruses pass through filter pores 
and arc therefore called filterable viruses. A virus can never therefore 
be seen under an ordinary microscope but they have recently been photo- 
graphed under the powerful electron microscopes. Many of them produce 
diseases in animals and plants. Smallpox, influenza, hydrophobia, etc., 
arc some of the diseases caused by viruses. They can be crystallized just like 
a non-living substance, but they live as parasites in living beings and 
reproduce exactly like living organisms. They thus combine the properties 
of the living and the non-living matter. It is possible that a virus is a 
transition stage between the living and the non-living— on the borderland 
between life and the lifeless. 

The great Indian scientist, late J. C. Bose, (Fig. 5) showed by many 
interesting and conclusive experiments that the so-called dead or non-living 
matter behaves exactly like the living matter in many ways. A metal, for 
example, can be poisoned or stimulated like a living organism. He showed 
that what we ordinarily call non-living matter also exhibits irritability just 
like living matter. This means what we cail dead is really alive ! There 
is thus no real distinction between the living ai d the non-living. The 
two merge into one continuous series and there is no sharp line of demarca- 
tion between them. We cannot absolutely say where life ends and where 
death begins. The modern conception of life is totally different from 
what we usually read in text books. 


One can only conclude that there is no such thing as lifeless matter • 
all matter is alive. Physicists tell us that matter itself is largely energy’ 
Ufe, matter energy - these are three names for something, the exact nature 
ofwhtch we do not understand. For ordinary purposes, however, we can 
define /i/e o, tte ■ «««. to.nl of,k e ,. al „ nce ., reuclions 

Origin of life. -If there is thus no precise answer to the Question 
“what is life?” and if there is no absolute and sharp distinction between 


* A millimicron is 
pari '»f a millimetre. 


—UI. ... ... „i.r..n, „ licr .„, . 


<»"(*- thousandth 
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living and non-living matter, our ideas regarding the origin of life can only 
be mere speculation. Ignoring the many fantastic ideas, there are five 
important theories regarding the origin of life : 

1. Mosaic theory of special creation 

2. Abiogenesis or spontaneous generation 

3. Meteorite theory 

4. Cyanogen theory and 

5. Virus theory. 



Fio 5. Late J. C. Bobo, on Indi in Hcientiat. whose researches on 
revolutionized our ideas of the living and lifeless matter Ho has »Wn tl • 1 j. 

plants and the so-called non-living matterlikometuU “««*!** tho 

irritability and can bo stimulated or poisoned in the same way. ^ n 
reaction is only of degree. : Original vholoyraph of a porUaxl m Si. John , C allege, -•* 


Aara). 


mi 1 o uiii y in uvi^ivu. — - * * f 

The Mosaic theory is of Jewish origin and is expounded in the boo c o 
Genesis in the Old Testament of the Christian Bible. It believes that cac 1 
animal or plant was separately and specially created in the beginning lust as 
we find at the present time. Two individuals of each kind re- 
produced: a male and a female and these pairs have given rise » all ihc 
multitude of individuals of the various kinds of organisms living today. 
Although it is included in the holy book of the Christians, one ncc not 
ascribe any divine origin for the statement and in any case there isn° pro 
of a special creation. All evidence is on the other hand against such a c ic 
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in special creation and immutability of organisms. We have abundant 
evidence on the contrary that organisms of the past were very different from 
what they are today. They are always changing, ever becoming better 
adapted and more and more complex. 

The spontaneous generation theory implies that all sorts of animals and 
plants arise out of dead matter spontaneously, if favourable conditions are 
present. Aristotle and others believed, for example, that decaying meat 
gave rise to flies and worms. Toads and frogs were supposed to come from 
mud. Rats were believed to breed out of old rags and a few handfuls of 
wheat ! Nowadays such ideas are mentioned only to be ridiculed by any 
intelligent person. In the middle ages the idea of abiogenesis or spon- 
taneous generation was very strong, until an Italian, Redi by name, showed in 
1680 by simple and conclusive experiments that flies do not arise from the 
meat but from the eggs of other flics which have been deposited on the 
exposed putrid meat. He showed that flics come from eggs of pre-existing 
flics and these from the eggs of still pre-existing ones and so on. That is to 
say, life beget* life . All life on the earth now has come from pre-existing 
life: omne vivum e vivo or all life from life • This merely places 
the difficulty at a distance but docs not by any means solve it. It does not 
really explain how the first life arose. 


Physicists like Kelvin and Helmholtz believed that life came to the earth 
from some other heavenly body by means of meteorites, which fall daily on 
the earth from the skies. According to them, life has existed in the universe 
always and is simply passed on from one planet to another at intervals. In 
the space between the planets there are pieces of matter called meteors, which 
weigh from a few milligram to several tons. They are mostly composed of 
iron or nickel-iron. They rush with such tremendous velocity that when 
they reach our atmosphere the friction with the air causes them to be burnt 
out completely ; they glow and then we have the so-called shooting stars. 
Rarely some of the larger pieces fall on the ground and are often held in awe 
bysuperstittous people. The sacred stone at Mecca and the well-known 
' f ° f ‘ hc r H,ndus arc exara P I « of such large meteors. It is impossible 

unbelievable cold (equal to a-j' C) of t .e interplanetary space in which it 
o,cu.- and because of the absence of oxygen. Further, this theory also 
simply shifts the burden of explaining the origin of life to outside the earth 
but leaves the question how life arose on the meteors unanswered 

There was certainly a time when our earth was in a molten condition and 
m long course of nine cooled down to a solid. Pn.uot* believed that wlren 
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the earth was thus cooling, carbon and nitrogen combined to form cyanogen 
gas. Then water was formed and this combined with the cyanogen and gave 
rise to hydrocyanic acid. He thought that this acid produced proteins with 
sulphur. This is plausible but so far no chemist has ever succeeded in bring- 
ing about this synthesis in the laboratory. 

The virus theory maintains that when matter becomes complex by 
forming high molecular weight proteins, it begins to exhibit the properties 
of life. A virus is thus believed to be non-living matter in the process of 
becoming living matter. This theory is really a modern and a modified 
version of the older ideas of spontaneous generation. The only difference 
between the older and the modern theories of abiogenesis is that in olden 
times, higher forms of life like flies, worms, rats, etc., were supposed to 
arise from non-living matter. In modern times it is however believed 
that only very simple forms like a virus arise spontaneously from the 
non living and these viruses evolve into the other forms of life. 

Life had possibly no beginning and no end ; that is, there is no origin 
or creation of life or matter ; they have always been there and will always be 
there. 

ANIMALS VERSUS PLANTS 

The living organisms known to us can be broadly grouped under two 
great classes, viz. animals and plants. In addition to all the familiar trees, 
shrubs, grasses, ferns and mosses, such forms like lichen, fungi and bacteria 
are examples of plants. Worms, insects, birds, etc., arc some of the more 
common examples of animals. Inspitc of the apparent differences between 
a plant and an animal, they are both living organisms and thus agree in all 
essential characters. 

Similarities between plants and animals. — Both animals and plants 
are composed of protoplasm and the protoplasm of the two is indistinguish- 
able one from the other. Both are organized in the same way : their 
bodies are built up of cells, tissues, etc. The metabolic activities of nutrition, 
growth, automatic repair, wear and tear, reproduction, etc., arc common to 
both. Animals and plants equally require oxygen for respiration and set 
free carbon dioxide as an excretory product. Both of them have sexes. 
Plants and animals obey the same laws*of inheritance. Like animals, plants 
are also irritable : they are also capable of responding to external stimuli. 
Bose demonstrated that plants also suffer from the effects of pain, fatigue, 
toxic action of poison, etc., in exactly the same way as animals. As in 
animals, so also in plants, the sensations of heat, cold, light or of electric 
shock travel up and down the tissues These transmissions can be 
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accelerated or retarded and even inhibited by various agents in much the 
same way in both animals and plants. The responses of the plants to 
various kinds of external stimuli are identical with those met with in 
animals. The only difference between the two is of degree and not 
of kind : in plants the responses arc less intense. Both are equally capable 
of adjusting and adapting themselves to changing environment. 

Differences between animals and plants. — While animals have the 
power of locomotion, most plants are rooted to the ground and lead a 



I I. j. «» « nr.- muinalH 41 1 ill nr.- . 1 t ., , . 
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sedentary life. They cannot move from place i« 
mjJc of life of a plant is one of the nust conspicu 


i ween 





LIFE 


*7 

plants and animals. Numerous exceptions are however known. Several 
animals like sponges (Fig. 14), corals, (Fig. 6) Bryo/.oa, barnacles, sea lilies, 
c?c.> grow fixed to the substratum like plants and are therefore quite incapable 
of moving about from one place to another. On the other side there arc 
some plants, for example, the alga Chbimydomonus , which can freely move 
very much like animals. 

Apart from this power cf locomotion, most animals also exhibit 
considerable degree cf motility. In plants motility is usually inconspicuous. 



In the ease of certain plants, like the sensitive plant (Fig. 7) or 

pulica , a high degree of motility is observed in the sudden closing of the ■ 

leaves, when touched. 
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Although growth is a common feature for both plants and animals, 
there is an essential difference between them. Increase in size in a plant 
takes place by the multiplication of wood cells underneath the bark. Rings 
of wood cells are added each year, so that the number of annual rings 
in a tree tells its age. Increase in length or height is effected by growth 
of the tips of the branches or of the root. In animals however growth 
takes place throughout all the tissues and organs and is not confined to 
certain parts alone. A tree practically never ceases to grow. The famous 
red-wood trees of California, which are giants among all land organisms, 
arc several centuries old and nearly 400 feet high. Although perhaps the 
oldest living things on earth, they still continue their growth. Animals 
do not grow at all after attaining a certain characteristic size and age. 

In plants the protoplasm is bounded by a distinct cell wall of 
cellulose. This substance gives rigidity to the plant and is the cause of 
the inability of the plant to move. In animals on the other hand protoplasm 
is not bounded in this way or if there is a cell wall it is usually thin and 
flexible and allows considerable freedom of movement. Plants arc branched 
and thus expose a large surface to air and sunshine. The body of an 
animal is usually compact and has a minimum exposure of its surface. 

Plants and animals differ very sharply in their modes of nutrition. 
Green plants actually manufacture their food from simple inorganic salts 
and elements like carbon, oxygen and hydrogen, with the help of sunlight. 
This process is called photosynthesis. During the photosynthetic 
manufacture of food, the water absorbed from the soil by the roots and 
the carbon dioxide absorbed by the leaves from the atmosphere arc split 
up by the energy of sunlight absorbed by the green colouring matter 
of plants, viz. the chlorophyll. The products of this decomposition 
an' now rearranged and recombined in a new way to form molecules 
of the sugar glucose, which is then converted into the insoluble starch. 
The exact steps in the chemical changes which bring about this synthesis 
arc not clearly understood but the whole series may be roughly represented 
by the following formula : 

6 C.O,- 6 H ,0 = C,H,,OaoO, 


The nitiogen derived from the mineral salts absorbed in solution 
tiom the soil, is combined with the carbohydrates into proteins and later 
fats arc manufactured in the plant. 

Animals arc ^capable of synthesizing their (bod in this manner and 
arc therefore wholly dependent on plants o • the,- antmals for their food. 
Animals have eitlici to cat other animals or to cat plants. If there 


were no green plants, all animai life would soon disappear. Green 
plants have in fact been called the food factories of the world, because 
they manufacture food not only for themselves but for all living beings 
in the world. The mode of nutrition of an animal is called holozoic 
as contradistinct from the plant’s mode of nutrition, which is holophytic. 

There are some well known exceptions in the nutrition of animals and 
plants. Lower plants like fungi, bacteria, etc., have no chlorophyll in their 
body and cannot therefore synthesize carbohydrates with the help of sunlight. 
Like animals, they depend on other plants for their food. Several green 
plants, which can carry on the photosynthetic manufacture of food, also 
often resort to the animal mode of nutri.ion. These are the well known 
insectivorous plants, like .he common Indian Drose-a (sundew , Utnculana 
(bladder-wort) and Nepan'hes (pitcher plant) and the exotic Venus flytrap 



Fio. 8. The American insectivorous plant Venus' lly-lrap, 
small insects like Hies and digests them. 


that actually 


catches 


(Fig. 8 .). These plants . actually capture flies and other small insects and 
digest tL much' in the same way as an animal does. Some an m s 
like Evglena (Fig. 14), which is very common in fresh-water >n 
possess chlorophyll and have the capacity of manufacturing 
from carbon dioxide and water. 
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Because of these differences in iheir modes of nutrition, plants differ 
in their structure from animals. Since they can make their own food out of 
simple material universally present, plants have no necessity to move from 
one place to another in order to find their feed. Focd in fact comes to 
them where they are, instead of their going to it as an animal has usually 
to do. They have consequently no need for such locomotor organs like 
legs, wings and fins, or special organs of sense like eye, ear and nose. On 
the contrary, since animals cannot make their food in the way a plant does, 
but have to, capture their food, which does not of course come to them of 
its own, they have to move. They have therefore developed various organs 
of locomotion. Since a branched ar.d a spreading body would definitely be 
an obstacle in locomotion, animals have compact bodies. Further, in order 
to be able to see their way abcut ar.d in order to be able to smell and taste 
the food for its suitability, animals must have organs of special sense ar.d 
highly developed nervous system. 

Animals take with their feed ret cnly the essential and digestible 
material but also a geed deal of non-essential and indigestible matter. 
These latter arc ejected from the gut of an animal through the anus by 
means of defecation. Plants r.evcr eject any faeces. 

Lower forms of both plants and animals arc almost indistinguishable 
from one another, because they combine the characters of both. Chlaiinj- 
dowovasy Mycctozca and Eiujmti are, for example, considered as animals 
by zoologists and as plants by botanists ! The reason for this intcrgiading 
of plants into animals is that both plants and animals have descended from 
an ancient common ancestor, which very probably resembled these lowly 
organisms of teday. The first life on the earth was thus neither a plant 
nor an animal but a plant- atiimal or Protiff:a y a hypothetical ancestor of plants 
and animals. 

INTERDEPENDENCE OF ANIMALS AND PLANTS 

Animals cannot exist without plants. Animals arc dependent on plants 
either directly or indirectly for their food. Insects, sheep, goat, cattle and 
other herbivorous animals directly feed on plants. Carnivorous 
animals like lion, tiger and cat, which naturally feed on the flesh 
of other animals, arc no less dependent on plants, because their 
focd ccii ists mainly of the hcibiteious animal?. Their dependence cn 
piants though indirect is absclutc, for if gras? carrot be hr d, cattle cannot 
Jive and the carnivorous beasts will have no focd. Ultimately therefore the 
iood oi all animals comes from plants either directly or indirectly. Man 
himself is indebted to the plant for his food. 



On the other side of the picture, we find that plants are also dependent 
in many ways on animals. Animals produce carbon dioxide during respi- 
ration. This carbon dioxide is absorbed by the plants for purposes of photo- 
synthesis and is split up into its constituents, the carbon .s un tee. m tl re 
manufacture of carbohydrates but the oxygen .s liberated into the atmos- 
phere for use again in the respiration of animals. . 

Animals and plants thus form links in one continuous and endless 
food chain. In this food chain the circulation of carbon is an important 
phase Carbon, as you have already read, is an essential constituent 
protoplasm. Since however the supply of this element on the earth is 

limited, there must be some means of circulation of carbon, so that « h e 

carbon used by one organism may be recovered and made available 




•om plant to animal. This « irculution is culled carbon cycle. 

>ther organism. This circulation of carbon in Nature is effected by the 
inimal-plant-food-chain and is called the carbon cycle (F»g- 9h 
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Animals and plants are also intimately linked together in another 
way, viz. the nitrogen cycle (Fig. to). You already know that nitrogen 

is an essential constituent of proteins, which form the bricks that 
make protoplasm. Now nearly four-fifths of the atmosphere comprise 
nitrogen but most gicen plants cannot directly utilize this abundant 
supply. They are generally dependent upon animals for this element. 



used by green plant 



food for animal 


nitrates 

NfTROGEN CYCLE 

nitrate bacteria 

nitrites animal waste-products 

ureff 

nitrifying bacteria bacteria*clecompose 

ammonia*^" 



J j'.. n l of t lu* nitrogen cycle in Nature. Nitrogen that i* another 

n*i.l riiiisi itiioiit i>l oplusin, eireuIntcH from ••i.iuml to plant nml from plant to 
.*■» n»e ol the iinjiortunt staged in the complicated exehangc are shown here. 

in addition to the excretory products carbon dioxide and water, the 
nifsogcr.ous waste material urea is also foimcd during metabolism 
in the body of an animal. Outside the body of the animal, the urea 
is omerted into ammonia by bacteria. Further when an animal dies, 
its body is decomposed by the activity of various bacteria and all the 
proteids are ultimately broken dewn :o ammonia. Other bacteria now 
oxidise the ammonia into nitrites, which arc further converted into nitrates 
by another different set of bacteria. The nitrates, absorbed in dilute 
solutions from the ‘oil by the roots of plants, form the source of nitrogen for 
manufacturing proteins once more in the plant. 

Animals and plants are naturally intertwined in several other ways 
also. For example, many flower ng plants depend on bees, butterflies, 
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(.See Frontispiece) moths and some birds for cross-pollination of 
their flowers. The dispersal of seeds and fruits of many plants is 
also effected by animals. The animal Hydra , (Fig. 15) which is abundant in 
any fresh-water pond, often contains within its body many minute 
green plants called aJgae. The algae obtain their carbon dioxide and 
nitrogen from Hydra , while the latter gets a share in the products of 
the photosynthetic activity of the algae. 

9 

RESUME 

1. Although a sharp lino of distinction between the living and the non-living 
is impossible on the borderland between the two kinds of mattor, ordinary forms of 
living beings can bo readily distinguished from the lifeless matter by certain unique* 
characters, liko autonomous movements, organization, metabolism, irritability and 
reproduction. 

2. Any precise definition of life is impossible. Wo do not also know how lifo 
aroso first. Probably life, matter and energy are merely different names or phases 
of some ununderstood entity. 

3. Plants and animals agree in nil essentials of life. The chief difference 
between tho two Ins in their modes of nutrition : viz. the holozoic and holophytic 
nutritions. Although most plants and unimil* are easily separated ono from the 
other, lower forms are not easily distinguished. This is because both plants and 
animals have descended from a common ancestor. 

4 . Plunts and animals uro extrcmoly closely interdependent in mony respects 
and thoir inter-relationship is indispensable to both. 


CHAPTER II 
CLASSIFICATION 

WHAT IS CLASSIFICATION ? 


Over a million different kinds of animals and about 300,000 kinds of 
plants are already known from the world. It is estimated by competent 



authorities that this enormous number of living bein»s 
fraction, perhaps onc-tcmh of that which still awaits di 


is merely 
coverv. 


a minute 
If we are 
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to speak of such a vast number of animals, it becomes necessary to arrange 
them in some sort of order. For convenience in study, animals are divided 
into larger or smaller groups. These groups arc then subdivided into 
convenient sections. 



PHYLUM 


CARNIVORA 


ORECR 


riLID/F. 

FEUS 


JAMfLV 

CI.NU3 


DOMESTKUS 


Fm 1*> Clarification Animola nro clarified into j.l.yln, darca. order®. *"'"'**• 
* I'’ Ir'IlJ. Vi-h frotr tortoise, bird, squirrel and monkey resemble one 

m 


All individuals, which have essentially the same structure and life- 
history, belong to one species. There are, for example, hundreds ol 
thousands of individuals of the common domestic cats, (Fig. n ) some 0 
which are black, some grey, o.hejs, bro«W«hers white, some with bushy 
r hairs and so on. Inspite ojf^J^^itor differences they all have cssenti y 

W5ft* * jjfea 
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INTRODUCTION TO ZOOLOGY 
the same proportion of body, bones, etc. and freely interbreed and so belong 

to one species . . ~ 

Now there ate also many species of cats, winch are d.stinct from 

each other and do not interbreed, but possess certain well marked 

common fundamental characters and are therefore grouped together into 

one genus. Thus even a casual observer will find that the house cat, 

the tiger, the lion and the leopard each belongs to a different species 

but all the same are cats and thus belong to one genus. He will also 

note that the resemblance between these cat-like animals and the dogs are 

less striking but the differences are more marked. Cats and dogs 

belong to different genera. Several genera which resemble or.e another 

are grouped together into families. Cats and dogs resemble each 

other more closely than a horse or a cow resembles a dog or cat. Horse 

and cow belong to a different family. Similarly a number of families, 

which have certain common characters, constitute an order. Several 

orders which resemble one another are similarly grouped into a class and 

the classes into a phylum (Fig. 12). Several phyla in their turn constitute 

the Animal Kingdom. The animal and plant kingdoms together make 

up ihc living world. 

When animals are grouped in this way on the basis of structure 
and affinity, wc classify them. Classification or taxonomy is 
really sorting out and arranging animals according to their blood 
relationship ill ii giudeil series members which 

arc essentially alike. This grading is carried out in such a way that 
the simplest and the most ancient forms arc placed at the bottom of 
the series, with the complex and mere recent at the top (Fig. 46). The utility 
of classification lies in the fact that it brings order out of chaos and 
also tells us afcout the inter relationship of animals. Taxonomy or as 
it is also called systematic zoology is therefore not a mere cataloguing 
of animals. It is however not an end in itself but a means to an end. It is 
ihc bash for all other work. 

THE CLASSIFICATION OF THE ANIMAL KINGDOM* 

The Animal Kingdom is divided into a number of phyla and classes. 
In the following synopsis some of the mc.c important ones are included. 

* The t st:*' number of Phyla reooj&ii ui present time is twenty Of these 
tLo followin',! minor ’’hyle ore not dealt vuh in :|»is hook : 

1. CrESi.niot.A (roinb jellies', £. I\L”LRrisr\ (?iiibon worms), :i. UoRDIaCKA 
(“ horsohnir*’ worms or hair snukc-s). 4. .Van i i vr.ru a la (spiny- headed worms) 
5. Kisoruyncha (echinodera worm), <0 TnouHEUHN'Tfi&s (wlilvl animalcule or 
rotifers), 7. CHAET»nv.vrH \ (arrow worms), s. Bs'.Yozoa (moss animals) 
9. BracHIOPODA (lamp shells) and 10. Phoboxid.:* (phoronis worms). 
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Kingdom AN IM ALIA 

Subkingdom PROTOZOA. (Fig. 13) Unicellular animals- without 
tissues or organs. 

Phylum 1. PROTOZOA. An individual is a single cell or is a colony 
of cells, similar in structure and performing all functions of 
life independently of each other. Generally microscopic in 
size. 

Class (i) sarcodina (=Rhizopoda) Locomotion by simple streaming 
of pseudopodia. Example: Amoeba (Fig. 13). 

Class (It) MASTIGOPHORA (= Flagellata) Locomotion by whip-like 
flagellum. Example : Eujlena (Fig. 13) v/ 

Class (lit) sporozoa. No locomotion. All parasitic in other animals. 

Example • Haemamoeba (= Plasmodium) or malarial 
parasite. In the blood of man and other animals, 
Class (if) ciliata. Hair-like ciliary processes on the surface used 
in locomotion. Example : Paramecium (Fig. 13). 


\ Q 














AMOEBA 


EUGLENA 


PARAMECIUM 


Fio. 13. Phylum Protozoa. Unicellular animals. 

MB. Subkingdom METAZOA. MulticeUular animals. Animals with many 
different cells in their body, arranged into tissues, each performing a 
different function. 
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Division I. parazoa. A side branch of animals, without a distinct v 
gut or digestive cavity. 

Phylum 2. PORIFERA. Sponges. (Fig. 14) Aquatic, mostly marine 
and sedentary animals, often branched like a tree and 
reproducing by budding, with many pores on the surface, 
leading into a system of water canals opening to the outside 
by an osculum. 



I'm. II. Phylum P*»rif**ro. 


Clars (0 caicarea. Sponges with minute spicules of calcium 
carbonate for skeleton. Example : St/con . 

Class (|’0 HEXACTINELUDA. Glass sponge?. Minute spicules of six- 
rayed, silicious material. Examples : Uijnlom ma y 
EiipUcldla. 

Oass (in) demospokgiae. No skeleton or with silicious or horny 
(spongin) spicule'. Example: Euspongia the common 
bath sponge. 

Division II. iniozoa. A'.imals with a distinct digestive tract or 
enteric cavitv. 


Phylum 3. 


COLL ENTERATA. (Figs. 6, 15). Aquatic, rrv..* • • marine. 
Without heed or anus but with a mouth sir funded by 



CLASSIFICATION 


29 


tentacles and opening into a digestive cavity No 
separate body cavity. Stinging cells often present. Very 
often sessile and branched like a plant. 



SEA ANEMONE 


JELLY FISH 


HYDRA 


A 




KO. 15. Phylum CodentcraU. Polyp. und jellyOulK*. 

Class (0 hydrozoa. Hydroid polyps and some medusae. Diges- 
tive cavity simple and sac-like. Examples : llyira, (fresh- 
water) and Obtlia (marine), also the stinging coral 

M illinor a (marine). „ . . 

■Class («) scvphozoa. Jellyfishes. Bcdy bell or umbrella-shaped- 
Digestive cavity wi«h branched canals. Example . .1 • 

Class (Hi) ant HOZOA ( ■= Actino/.oa). Sea-anemones, corals, poljP*- 
; Digestive cavity divided by radial partitions, examples . 
^ M< Iridium sea-anemone and Ooryoma sec-tan. 

, m iTVHFI MINTHES. Flatworms. (Fig- 10 J 

PhylUm 4 ' -ft worms, With branched digestive 

tract but no anus. . , 

Class (0 TURBEtiARiA. Free-hving ribbon-shaped worms m .re.h- 

water. Example : Plunana. 

Cass 00 trematoda. Flukes. 

hooks and with a iwo-branchcd gut. Parasi 
Example : Fasciola(^^^ i 
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> E a. Tapeworms. Flat, ribbon-like worms with \ 
>us segment like proglottids, each having complete 


PLANARIAN 


UVERFLUKl TAPEWORM 

Kin. Ifl. Phylum Plntylwlmintlici. Flntworms. 

reproductive organs. No mouth or gut. All parasitic 
Example : Taenia. 


ASCARI5 ANKYLOSTOMA 

tv:. ] 7. rhjlum Xeraaihelminthe?. Threadworms. 

hvlun> 5. NEMATHELMINTHES. (fig. 17). Nematode or round 
worms. Body elongate, slender and thread-like. Gut 
complete. Free-living or parasitic. Examples : /i^cam and 
.Ui-'ijloaloma hookworm. 




CLASSIFICATION 
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Phylum 6. MOLLUSCA. (Figs. 18). Soft body covered by a 
mantle, which secretes a calcareous shell. 

Class (i) amphineura. Shell in eight pieces, body elongate. 
Example : Chiton. 

Class (ti) scaphopoda. Shell tubular and like the tusk of an 
elephant. Example : Dentalium. 

Class (lit) pelecypoda. Bivalved hinged shells ; no head. Examples : 
Oysters and Unio. 



I'":. 1 Phylum \r.n*lidi. Kountlworms. 


Class («i») gastropoda. Conch shells. Shell univalve, spitally 
coiled ; body also spiral, asym metrical. Head distinct. 
Examples : Snails, cowries, conches, Pi 7 </, I/dix. 

Class (v) cephalopoda. Shell internal. Mouth with jaws and 
wi.h 8-10 tent ides or arms. Examples: Octopus 
omlehsh, squids, Xattlilus. 

Phylum 7. ANNELIDA. Segmented worms. (Fig. 19) Eody elongate 
with many segments and bristles for locomotion. 
Digestive tract complete. Closed blood vascular system 
dor>ai to gut. Brain and nerves well developed, nerve 
cord ventral to gut. Free living. 
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Class (») polychaeta. Body conspicuously segmented, with lateral 
processes called parajyodia , bearing bristles for locomotion. 
Marine worms. Example: Sereis. 



Fio. CO. Phylum Arthroporin. CIush Crustacea. 

Class (it) oligochaeta. Earthworms. No parapodia. In moist 
soil. Examples : Lurrtbricus , Pheretima. 

Class (tit) hirudinea. Leeches. Flattened body with segmentation 
not conspicuous. No parapodia or setae. Often blood- 
sucking. Example : Hirudinariu , leech. 
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DRAGON FLY 




BUTTER FLY 


Fig. 23. Phylum Arthropodii Cliss Ins'Jctn. 
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Chitinous exoskeleton. Heart dorsal and nervous system 
ventral to gut. Respiration by gills or tracheae. 



Flo. 21- riijium Arthropod*. Class Insorlo. 


i 

A 


Class («) CRUSTACEA. (Figs. 20, 2 i) Antennae wo pairs. Body 

often with carapace or a dorsal shield. Mostly aquatic and ^ 



i ventral ) 


L1MULU5 


SCORPION 


Arihropntta. Class .\i|*lin8iirn : Limiihi*. Class A 


corpion. £ 
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marine. Examples: Crabs, prawns , lobsters, shrimps, 
Branchipp'is, Cjclopt, water flgaS, Daphnia , sowbugs, 
Lepai barnacles. 



81 * 11 ) KU 



Flu. 20. Phylum Arthropodn. Clout Aroobnoidca. 


Class (ii) INSECTA (— Hexapoda). Insects. (Figs. 22-24) One pair 
of antennae. Head, thorax and abdomen distinctly 
demarcated. Legs three pairs. Often one or wo pairs 



CENTIPEDE 



K.O. 27. Phylum Arthropod.. Class Chi.opodn : Centipede. Cl~ Diploma : 

Mi " iPedC ' of Wings. The largest class of animals comprising 

nearly three-quarters of a million known species. Often 
social animals, with brain development next to man. 
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STARFISH 

Ym. •-’». l’liyluin Kchino.lcrmutu. Clow Aslcrti-'c; : Starfish. Clof8 Ecliinoidi* 
Boo urchin. 
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BR1TTU STffi 



SEA CUCUMBER 

Fig. 211. Phylum K -l.i .odorm.tia. Ch'S-> Ophiuroidcti : Brittle-stur. Cl 
Hol^th<n-*.i«lcu: Sea cue uni- r. 
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Class (n't) 

Class (if) 

Class (f) 
Phylum 9- 

Class (t) 

Class (ii) 

Class (m) 
Class (if) 

Class (»-) 
lum io. 


Section (A) 


Examples: grasshopper, locust, dragonfly, cockroach, termites, 
beetles, bugs, flies, mosquitoes, butterflies, ants, bees, wasps. 
arachnoidea. (Figs. 25, 26) No antennae. Head and thorax 
fused together into a cephalothorax. Legs four pairs. Never 
with wings. Examples : spiders, scorpions, mites, ticks, 

kingcrabs. . _ , 

chilopoda. (Fig. 27) One pair of antennae. Each segment 

of body with one pair of legs. Example : Scolo^ulra 

centipedes. _ , 

D.PLOPCDA. (Fig. 27) One pair of antennae. Each segment 

of body with two pairs of legs. Example : Julus mil ipedes 

ECH1N0DERMATA (Fig. 28, 29) Radial animals. All 

marine. With calcareous spines and plates imbeded in the 

skin. A system of water vascular canal connected to tube 

feet used in locomotion. 

asteroidea. Starfishes. Body of the conventional figure 
of a star, five-rayed or armed. Mouth at the centre. 

Example : Aslc^ios. .... . • 

ophiuroidea. Brittle-stars. Body distinctly divided into 

long slender and articulated arms and central disc. 
HC™EA°1ca r urchins. Body hemispherical or cake- 

like Spines prominent. Example: Slrongyloccnirotus. 
holothuro.de a. Sea cucumbers. Body elongate or worm- 
like, soft and fleshy. Examples : HoMhuna and Cucum. 

Body flower-shaped ; often fixed. 

rSmir*-... » »*' 

skeleton, present either throughout the ife 
oTm some stage of development. Nerve cord tabula , 
si ne ie and dorsal to the gut. Heart ventral to the g > • 
Pharynx pierced by gill slits, either in the «nbr)0^ 
throughout life. Liver, developed from the gut, 
thc blood from it before passing it on to the hear • 
ACRANIA ( = Protochordata). (Fig. 3°) 

-franium or brain case, jaws or vertebrae. S,rJ " 
forms, a sort of connecting link between the non-cho 
phyla so far enumerated and the true Chordata. 
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llemichordula. Tongue worms. Marine worm-like forms 
with a fleshy proboscis and short notochord at the anterior 
end. Example : Balanoglossus. 
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Subphylum (*) 


ASCID1 AH 



AMPUIGXUS 

I'm. 30. ; In lua Protcdiorriates or lnw.-r Ohor.J‘ 1 ' 
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Subphylum (») 
Subphylum (»»>) 


Section (B) 


Subphylum) («) 
Class 


Subphylum (*>) 
Superclass 

Class (0 


Class (»•) 
Superclass 

Class (i) 


UrochorJala. Tunicates. Larva tadpole-like, with no- 
tochord in the tail. Adult degenerate, without nerve 
cord and notochord. Example : HerAmania sea-squirts. 
CephabchorAala. Slender, fish-like, segmented marine 
animals with notochord and nerve cord extending the 
whole length of the body. Permanent gill slits. Example : 
Amphioxus . 

CR AN I AT A Vertebrate?. With cranium or brain case 
and vertebrae. Dorsal nerve cord anteriorly dilated to 

f °™,(A<r. Without jaws, paired fins or limbs. Several 
gill arches present 

CYCLOSTOMATA. (Fig. 31 ' Without jaws, paired fins or limbs 
Fishlike forms hiving only median fins, circular suctorial 
mouth and unpaired nasal opening. Examples : P'tromyzon 
and Myxine. 

tlnatho'tomatu. Vertebrates with paired fins or limbs 
and the first pair of gill arches modified as jaws. 

PISCES. Fishes. (Figs. 31 , 32 ) Median fins supported by 
fin rays. Nasal capsule not communicating with the mouth 
cavity Skin generally covered by scales. One auricle 

ir the heart. Aquatic. • . 

chondrichthyes. Cattilagcnous fishes with laws. 0.11 

slits fewer than in the Cyclostomata. Body covered by 
-late-like (placoid) scales. Notochord strengthened by 

dogfish, rays, torpido fish, etc. 

osteichthyes. True bony fishes with gills c0 ' ,c,c ' 
operculum. Examples : Labeo, plaice, mackerel, mashecr, 

TETRAPODA. Terrestrial vertebrates having four limbs 
instead of fins : two pairs of five-toed legs. Nasal 
cavity communicating with mouth cavity. Heart with tw 
auricles. Lungs replace gills. 

amphibia (— Batrachia). (Fig. 33) Gills present only in 
the early stages. Bridge the gap between aquatic an 
terrestrial vertebrates. Breed in water and unde, go me, a 
morphosis. Capable of living both in water and on ■ 
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Never marine. Examples: Kuna frogs, Bujo toads, * 
Neclurus, salamanders, sirens, newts, etc. 


Vim. 

Class (ii) \ : 

Vvi!:V 

cc c 


PETROMYZON 


34- ?5> Mostly : r CM rial tctrapod 
m.iar • never laving cpgs •!*; water, 

by calev or plates Rtsv-I ation by 
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Examples : Extinct forms like Brontosaurus (Fig. i), and 
living forms like tortoises, turtles, lizards, gila monster, 
chamaeleon, snakes, crocodiles, etc. 
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Class (Hi) aves . Birds. (Figs. 37, 38, 39) Feathered bipedal vertebrates, 
with forelimbs modified into wings. Heart four-chambered, 
right aortic arch alone present No teeth in modern forms. 
Body temperature higher than that of any other animal. 
Examples: Extinct birds like Archaeopteryx, lithographica, 



ancient toothed birds like IU W n,; ostrich, cassowary, 
km 1 . crow, pigeon, spa. row, ov. l, k itc , vulture, etc. 

Class (ir) mammalia. Mammals. (Figs. 4 o, 45) Tetrads with 
ha"' C ° VCt, "8 - ‘he body and tnamntary glands for 


V 
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suckling the young. Sweat glands present. Four-chambered 
heart with only the lejt aortic arch. Teeth modified for 
different functions. Examples : Plalypvs y Omithorhynchns , 
kangaroo, opossum, mole, bat, sloth, cat, lion, dog, walrus, 




Fig. 38. Class Aves. 

whale, elephant, cattle. Hippopotamus, giraffe, horse, zebra : 
Rhinoceros , monkey, chimpanzee, man. 
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In this classification of animals, tha phylum Protozoa stands at the 
bottom of the scheme. It is the simplest of all groups of animals and its 
members lack tissues or organs. The first animals on the earth were also 
Protozoa. Gradually in course of time, extending over several hundreds 



of million years, these simple forms came to be associated in colonies, until 
finally the assooiition became more and more intimate, so that the individuals 
lost something of their independence They divided their functions : those 
on the surface looked after defence or locomotion and those in the interior 
took on the work of nutrition. Thus the multicellular animals were born. 
These were the Ooe!« n»;r.., which arc therefore placed next in our 
classification *V UvC* sY-c stages they became more and more improved 
and better adapted for performing the various complicated functions of 
life and. thu> gave <\c to various phyla like Plaiyhelminthcs, Annelida, 
Arthropndn. etc. AlU numerous ivuermediate stages, the phylum Chordata 
aopcait. The Chord. i to a»c iV.c most complex and also the most recent of 
ail phyla i.\' arc therefore piac.d -a the top of the series. 

This chsaifvition actual!} tells us at a glance the story of differ- 
ential; fir, oi snor«. end more complex forms of animals out of simple types, 
or as it ca*!f i evolution. You will learn further about the absorbing 
•terv of evolution in the !j^! chapter of this book. 

Names.— When we wish ;o speak of any object, we 
muuiali) !'nu it necessary to give a name to it and also describe it so that 
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others can easily recognize what we mean. Animals must therefore have 
names and they must also be carefully described. The same kind of 


MARSUPIALIA 




animal often occurs in different countries, where people speak different 
languages. The result is, an animal comes to have many different names. 
Very often the same name is also applied to different animals, so that 
confusion results. As there was however no uniform method in the early 
days for giving names, each author made lengthy and confused descriptive 
names, like for example U max, civereu *, mnximus, stiialus '< macula! u, 
for a common slug of Europe ! 
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-Ii is therefore necessary that eveiy species of animal stcnld have a 
distinctive name, which is vnirenaily accepted. Common names are 


Kin. 41. ( lit *1 fi »- 

obviously unsuitable. For this reason each animal bears a scientific name 
in Latin, comprising two pa T ts, lir*’ the name of the genus to which the 
animal belongs, always written with an initial (cpHal letter and second the 
name of the *. pccies , always written with an initial small letter. For 
example, the scientific name cf the common house ciow of India is Corvvs 
splendent. The Indian jungle crow beiongs to the same genus bui is a 
different species and is known as CVr ■ r < •'■. Similarly the domestic 
cat, tiger, lion and leopard belong to ii.c same genus, viz. Frfi* but 
constitute differed species. i'heir scientific tames arc: /’< lit th.nu dicus 
the domestic rft, f tlis iijii*. .he rigec, F ii< « o the lion ar.d F> icpnrdus 
tire leopard? : 
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Since every scientific name consists of two parts or two names, viz. 
names of the genus and of the species, this system of naming animals is 



F 10 . 42. ClasH M.umn ilin. {By courtesy oj Ihe American Museum of Sutural 
History). 


known as binomial nomenclature. It was invented in 1758 by 
Linnaeus (Fig.47) a Swedish naturalist, and is now internationally recognized, 
so tfcat the scientific name of an animal is the same all over the world, 
though common names differ. It is usual to add at the end of the scientific 
name of the animai, the name of the zoologist who gave the animal its name. 
The name of the domestic cat is written thus Felts domesticus Linn., 
because Linnaeus gave the name. All scientific names should be underlined 
when written and are printed in italic *, in order to distinguish them from 
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other technical terms. To facilitate naming any newly discovered animal 
the International Zoological Congress have made certain rules, which are 
followed all over the world. 



Fia. 44. Class Mammilla. (By courier oj the American Muse.im of y.itural 
History). 

The binomial method of naming an animal does much more than 
merely give a universally recognized name to an animal. The scicn’ific 
name is indeed a kind of shorthand of the zoologist. It tells us at once the 
affinity of the animal, i. e. f it gives us the systematic position of the animal or 
in other words, its place in our scheme of natural classification. For example, 
,X the systematic position of the domestic cat and the crow are given thus : 
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Kingdom animalia (Animals) 

Phylum chordata— Animals with backbone 

Class mammal. A- Backboned animals which suckle them young w.th 
milk secreted by the mammary gland 
Order Carnivora- Flesh-eating animals 

Family Felidae (Cat family) 

Genus Fells (Cats) 

Species doin'* tic us (he use cat) 


CETACEA 



H i -\l o . '/). 


Kingdom ANiMAl ; •' 

Phylum ch^riva • a 
C lass A*. <1S 

Order Passe res (Perching biids) 

Family Corvidae (Crows family) 

Genus ( orv"s (Crows) 

Species sf l ridms (1 he splendid house crow) 




i, 12. lom. In nUurftt C lM 9 ifio..tion .n" 
Hint the simplest Upl.t-.-l Bt He ot 
linuout i* made on bBfis of blood rch.ti 
.nhlance. Classification is thua no more cat 
and deciding which came first, which hocoi 
«*lf hut nnlv means to end. 
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Vin 47 K . ir , yon f.inne or Uinuieti'. <1707- 1*78) oh Wo is usually known ft 
Rl „ n , lu «. ndist is the father of binomial system of nomenclature of animal®. 
ThMwolfth edition of his Sy'tcmo Xafrae published in 1737 is the starting point of the 
modern soiene© of taxonomy. 




1 . ChoedlWtim, brings order out of chaos. • 


•• Chu*«ilHM.t»-»n is sorting out nnd arranging animals according to lluir blootl- 

n lathmships in a graded series t.furo, i f s, oith Hi- -in., .lest and the most ancient at 
t|ii* bni tom nnd the youngest and most n»ph a * t the lop. 


:i Animals arc divided into n mmd*cr ..f phyla, the phyla nro subdivided into 
r hisses, classes into orders, orders into families, families into geu.-ra and genera in’u 
species. 

4. A natural elussilicatt at uiins *it presenting the story of evolution of animals 

in a condense*! foim 


ft. The sci-ntifie nnn,c of Miiinvds is* fanned l.y the nain- ih** genus and tlio 
nonie of the specie*. Tlie system i-* il» n calh *1 bboi.'inial uoui-n. luttirc. Scion t i- 
lic names of animals ore the s.une :«M •.■vet Hw* v.-orM. 


.CHAPTER III 


THE FROG AS A TYPE OF ANIMAL 

1. BIONOMICS AND SYSTEMATIC POSITION 

Bionomics. — All of you must be familiar with frogs. They are quite 
common duiing the rains. They live in water or in moist places on land. 
Hence they are called amphibious (amphi^ both, bios= life) animals. 

Different species of frogs live in different kinds of surroundings or 
habitats. Several of them live in pools, others in streams and still others 
in marshes. Many live on trees and some can even burrow underground to 
nearly a foot and a half. Frogs are however never found in the dry deserts 
or in the sea. 

During summer, when the ponds and streams arc likely to be dried up, 
the frogs bury themselves in the muddy bottoms of their ponds, where they 
remain in a torpid state and are said to aestivate. In cold countries, frogs 
remain dormant during winter, when they arc said to hibernate. With the 

onset of rains they again come in thousands and the males sing in glee all 

night long. You then hear the familiar chorus of croaking of frogs. The 
males are very quarrelsome and they often fight among themselves 

Frogs feed on flies and other small insects, worms, snails and even 
other smaller frogs. Some of them devour small fish or birds. They arc 
perfectly harmless to man but have numerous natural enemies. For 
example, snakes, turtles, herons, cranes, storks, racoons and men take a heavy 
toll of frogs. The only means of defence for the frog against its numerous 
enemies is escape by diving under water and hiding beneath stones and 
other debris. They are also attacked by many internal parasites like 

worms. * 

Frogs are really very useful creatures. Considering the number of 
injurious insects they destroy, frogs are extremely beneficial to agriculture. 
Frogs are also eaten in many countries like China, Japan, France, and 
America. Canned frog meat is considered a delicacy in many parts ot 
America. Thousands of frogs are sacrificed in various scientific investigations. 
Important discoveries in physiology have been made from cxpeiimcnis on 
frogs. We are indebted to the frogs again for much of our knowledge ot ihe 
spinal cord, the excitability of nerves and of the circulation of blood in 
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capillaries. Frogs are dissected in many thousands by biology students all 
over the world. 

Systematic position.-Frogs belong to the class Amph.b.a (-Batra- 
chia), phylum Chordata. Amphibians are quite at home in water or on lan . 
They begin their life as completely aquatic tadpoles, without legs or u g 
and breathing by means of gills, exactly like fishes. The temperature of their 
blood is r.ot constant as in our case but varies with that of the surroundings 
and is usually that of the water in which they normally live. They arc therefore 
cold to our touch and are called cold-blooded animals. Amph.b.a lie on 
the borderland between the fish (whh fins and gills for aquatic life) and the 
reptiles fwith limbs and lungs for terrestrial life). 

There are nearly three hundred species of frogs in the world. They 
belong to a number of different genera and families. In India, for example, 
thctc arc nearly a dozen genera of frogs, containing nearly fifty species. The 
largest and the most widely distributed of the Indian species of frogs is 
scientifically known as liana tigrina Daud., or the tiger-marked green or 
olive-coloured frog, with dark spots. It is found all over India, Ceylon, 
China and Malaya and usually lives in ponds and tanks. R'tna hexadactyla 
Lesson is another similar but somewhat smaller common frog in this country. 
II. limnnrhuris Wicgm. and II. cyanophlycUs Schncid are other more or less 
common Indian species. It. bn vie*- pi is a fossorial species capable of burrowing 
underground. Frogs belonging to the genera Kliucophorus and lhjla are 
scansorial and can climb trees. Toads, which differ from frogs largely in 
their warty skin, belong to another family Bufonidae. I he commonest 
Indian toad is linfu intlan'jsliclus. 

l he systematic position of Han't lijrina and other common frogs and 
toads is as below : 

Kingdom ANIMALIA (animals) 

Subkingdom M F. T A Z O A (multicellular animals) 

~ - Division ljstozoa (with gut) 

Phylum Cll /i l!l , .\ /‘.I (with notochord) 

Section Craniata (with cranium or brain case) 

Subphylum Gnathos tomata (with jaws) 

Superclass Tctrapoda twith four limbs) 

Class Amphibia Hiving both in water and on L.id) 
Order A n u r a (without tail) 

Family i. Rinidae . rr ogs) 

Genus liana 


THE FROG AS A TYPE OF ANIMAL 


59 


Species tigrina Daud. (tiger-spotted frog) 

Species hexadactyUi Less. 

Species cyanophlyctis Schneid. 

Species brcvic'jts Schneid. 

Species limnochari * Wicgm. 

European species : — 

Species lemporaria Linn, (green frog) 

Species escuienta Linn, (edible frog) 

Species oxyrhinus St. 

Species pipiens (leopard frog) 

Species cuU*b<iana (bull frog) 

Family 2. Hylidae 
Genus Uyia 

Species nnvecteus (Jcrdon) 

Family 3. Polypcdatidac 
Genus Hlncoi horus 

Species muculatns (Gray) chunam frog 
Family 4. Bufonidae 
Genus Bu/o 

Species mtlonoiliclua Schneid. Common toads 
Family 5. Pipidac 

Genus Pi pa (tongueless toad) 

Species pi pa (Surinam toad which carries her eggs on the back). 

2 EXTERNAL FEATURES OF FROG 

In a frog belonging to any of the common species mentioned above, 
the following external features may be observed without dissection of 
the animal. The tedy of the freg is short and flattened from above 
downwards or depressed. It is somewhat bluntly pointed in front and 
broadly rounded behind. The body comprises a head and a trunk. 1 here 
is no neck, the head being broadly attached to the trunk. There is no tail. 

The frog always moves with the head forwards; this end is called 
anterior end and the opposite end is posterior. There is an upper or 
dorsal surface and an under or ventral surface. There arc two pairs ol 
limbs attached on either side. viz. the right and left sides of the body. 1 he 
two sides are identical and equally large and therefore the body of the trog 
is bilaterally symmetrical. Structures on the longitudinal axis 
of the body are called medial or median and those towards the sides 

are called lateral. 
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The colour of the common Indian frog is usually green, olive or 
brown. The body is also often spotted or mottled above. The dorsal 
surface is more deeply coloured than the ventral surface. Frogs have 
the power of changing the colour of their body. The tree frog Hyla, 
(Fig. 48) for example, is capable of rapidly changing its colour to match 



Ki;» 4S. II 1/I11 tli*; tree froir fo cupubli* of rapidly changing it a colour to 

match t lie b.icki>rouiid >»nd thus h-coino in<-on*pi *iou* to its enemies. Its peculiar 
fingers ami t»«*a help in climbing tree. 

the background and thus become perfectly inconspicuous or invisible to 
its enemy. The colour of frogs is due to certain pigments in their 
skin. The green colour is however due to the blending of the blue 
rays refracted by the guanin granules with the yellow of oil droplets in 
the rkin. 

A frog is very slippery like a tish and it is therefore difficult to 
hold it, in the hand The skin is smooth, moist and slimy, giving the 
slipper incss to the frog. It is loosely attached to the parts beneath by 
subcutaneous connective tissue and the space underneath is filled with 
a pale liquid called lymph. The skin contains glands , which secrete the 
slimy mucus on the surface. The mucus keeps the surface of the 
skin moist, aids escape of th: frog from its enemies by making the 
body slippery and reduces the friction with water in swimming. It is also 
usclul as an antiseptic and prevents the growth of germs in the skin. 

1 he skin is really a flexible covering for the vital parts inside. 
It provides protection 10 the internal organs. A frog never drinks water but 
absorbs all the water it requires through its skin. A frog also breathes 
a great deal through its skin when on land and exclusively when under 
water. The skin also contains y i* \v poison glands, which produce a whitish 
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acrid alkaliod and thus help the frog in escaping from the enemy. 
The frog differs from fishes, snakes, lizards, birds, man and other beasts in 
not having scales, feathers, hairs, claws or nails. 

The head of the frog (Fig. 49) subtriangular in outline, with the 
broad base behind and round apex or snouf in front. On either side of the 
head is an eye. The eyes bulge prominently above rhc surface to enable 



cloacal aperl 


Fio. 40. Frog. Ext;rnol feature*. A frog i* well fitted to live boll, in "' u ' r 
and on land. 

the frog to sec all round, because, not having a neck, it is incapable o 
turning the head in the direction it wants to sec. The eyes can be 
withdrawn into their sockets and clo:ed. There is a prom.ncnt and 
immovable upper eyelid in the form of a thick fold of skin. The lower 
eyelid can move up and cover the eye but this does not really corres, , .» 
to the lower eyelid of ourselves. It is a third eyelid called nictitating 
membrane, represented in man as a small fold in the corner of the : ey 
next to the nose. A nictitating membrane similar to that of the frog 
in crocodiles and birds also. Eyebrows and eyelashes arc absent in t e r g. 
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Behind the eye there is a tightly stretched dark grey membrane 
as a pair of circular patches bounded by a firm raised ring. This is 
the eardrum or tympanic membrane. The frog has no lobe or 
pinna of the ear as in the dog or min. There is also no tubular 
passage leading down to the eardrum ; the latter is on the surface, 
of the body itself. Between the eyes can be seen a brow spot , which 
marks the position of a vestigial median eye called th: pinial body 
or pineal eye , which was present in the ancestors of the frog and 
some reptiles. 

There is a wide gaping, transverse, slit-like mouth in the anterior 
end of the head, bounded by horny lips. At the posterior end of the 
trunk lies the cloaca ! aperture, between the two hindlegs. 
Through this opening faeces, urine and eggs or sperms arc shed and 
it is tnerefore differently named from the anus of higher animals, 
through which only faeces is passed. On the dorsal surface of the head 
there is a pair of smill circular holes n:ir th: anterior enl. These 
arc the a iter i or or external nares or nostrils, which lead into 
the respiratory and olfactory passages, the nasal canty. 



The four limbs correspond to our own. The anterior pair or 
forelegs are shorter and more slender than the posterior pair or 
hindlegs. The foreieg is divisible into an upper arm, the brachium 
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a lower arm or antebrachium and hand or manus The carpus 

* 

or wrist is inconspicuous. Theie are four digits or fingers , corres- 
ponding to ihe four fingers of our cwn -hand. The ihumb is 
rudimentary ar.d hidden under the shin. Counting fiom the thumb, 
the five digits are called respectively the pollex, index, medius, 
annularis and minimus, j 

The hindlegs are longer, stouter ar.d stronger than the forelegs, 
as an adaptation for the jumping habit of the frog. The hindleg 
consists of the upper leg called thigh or femur, the lower leg 
called shin or tibia , arklc or tarsus ar.d the long foot with a 
narrow sole metatarsus and five slender digits or toes. Close 
inspection reveals the presence cf sixth rudimentary toe. Of the five 
digits the fourth is the longest in both the fore and hindlegs. The 
digits of the foreleg arc free but the toes of the hindlegs are united 
by a thin, transluscent, interdigital membrane or web. Webbed 
toes are used as oars in swirrmirg ar.d arc found not only in the 
frog but also in other similar swimming animals like the duck. The 
part of the leg near the body is termed proximal and the part 
away from the body is termed distal. Thus the femur is the 
proximal part and the tarsus is the distal part of hindleg. 



Fxo. 51 Mule frog* with flu ir vocal snes inflated Thr-so jura eonlui.t rorfonuling 
uir and thus enormously amplify the frog's nocturnal music. 

When on land the frog rests with its forelegs nearly upright and 
the hindlegs turned forwards and flexed beside the body. When 
disturbed, the frog jerks off the powerful hindlegs, leaps into the 
air and again lands on the ground at some distance. It is said to 
hop. Hopping is the general mode of locomotion of the frog on 
- land. Under water, it can dive deep and swim below the surface with- th*e 
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help of the webbed hindlegs, which are alternately extended and flexed, 
the web being used as oars. A frog can also float just below the surface 
of water with only its external nostrils and the bulging eyes in the air. 

The male frog is easily separated from the female frcg during 
the breeding season. At this time the belly of the female frog is 
distended with her eggs while that .of the male is slender. The 
index finger of the male frog develops a thick cushion-like swelling 
or pad. On either side of the throat there is a pair of loose fold of 
skin, which encloses the resonating vocal sacs in the male frog 
(Fig. 51) The vocal sacs are inflated and filled with vibrating air when the 
male is croaking at night. These sacs serve to increase the volume 
of the sound produced. 

Although a frog is capable of living both in water and on land, 
it is not completely emancipated from the former medium. A frog 
has to return to the water for breeding, because its eggs will not 
develop on land. Further, prolonged stay on land is fatal to a frog. 
Frogs which enter warm dry rooms at night are -'found dead and 
shrunk to half their size next morning, because of the evaporation 
of water from their body during the night. A frog cannot therefore 
wander far away from the neighbourhood of water. 

It is well equipped for living in water. Unlike a land animal, 
an aquatic animal is freed from the burden of supporting the weight 
of its body due to the buoyancy of water. It is therefore advantageous 
for an aquatic animal to have flat body so as to increase the buoyancy. 
The powerful legs of the Irog, wi»b their webbed toes, help in 
swimming in water. The posterior end of the body of frog is heavier 
than the anterior, so that the frog can float without effort under the 
surface of water with just its nostrils and eyes above. This is very 
necessary, because not only must a frog perceive the approach of an 
enemy from above, but h must also breathe the air Although a frog 
can breathe through its skin when under water, the oxygen obtained 
in this way is not adequate and it will die if it cannot rise to the 
surface occasionally to breathe the air directly. A frog is thus incapable 
of living wholly under water like a fish, or entirely on land like a 
reptile, bird or beast. Its body is built in such a way that it can 
jump from water on to the land or from the latter back to water if 
need be. It is thus adapted for amphibious life. The amphibious 
adaptations of the frog arc : 
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For life in water 

1. Depressed body 

2. Heavier posterior end- 

3. Respiration through skin 

4. Slimy skin 

5. High position of the external nostrils and of the bulging eyes 

6. Power of closing the external nostrils lightly to prevent entry 
of water 

7. Webbed toes 
For life on land 

1. Presence of four legs 

2. Bulging eyes aiding all-round vision, because the head cannot 
turn about 

3. Long powerful saltitory (jumping) hindlegs 

4. Moist and slimy skin to retard evaporation of water from the 
surface of the body 

5. Ear to detect vibrations in air (sound) 

6. Ability to aestivate and hibernate during unfavourable weather 

7. Nose cavity connected with mouth cavity and used not merely 
for smelling but also for breathing air 

8. Presence of nictitating membrane in the eyes 

3. ORGAN SYSTEMS AND THEIR FUNCTIONS 
The body of a frog consists of several different organs, which 
perform different functions, e.g. the mouth, stomich, heart, brain, 
eyes, etc. Several organs are specialized in structure and are adapted for 
a particular kind of function, like nutrition. These constitute an organ 
system. The following organ systems are found in the frog 

1. Alimentary system whose function is taking food, digestion 
and absorption of food. 

2. Circulatory system serves to distribute the material 
absorbed by the alimentary system. It also carries the 
oxygen and helps removal of waste products of metabolism. 

3. Respiratory system supplies the oxygen required by the 
body. 

4. Excretory system removes the waste products of 
metabolism. 

5. Nervous system co-ordinates the functions of all systems 
of the frog and helps the frog to perceive the outside world 
and properly respond to external stimuli. 



INTRODUCTION TO ZOOLOGY 

6. Reproductive system is connected with the reproduction 
of the frog. 


bladder 


organs.*’ 6 * Ff ° g * ilh iU visccru cx P" so < 1 lo “how ro„h* of the important intern 

7- Endocrine system comprises the ductless glands, whic 
regulate the personality of the frog. 

8. Skeletal system gives support to and protects other orga 
systems. It forms the “frame-work” of the animal. 

9* Muscular system- brings about the movements of the body 
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These organ systems can only be studied by cutting open the body 
of the frog. The organs thus exposed by dissection comprise the viscera 

(Fig. 52). 

4. ALIMENTARY SYSTEM 


You learnt in the first chapter that continuous production of energy 
in living things is brought about by the decomposition and destruction 
of the complex living substances, resulting in loss of material. This 
loss is nude good by the taking in of food, i.e., ingestion. Since the 
food of animals consists of ei:her plants or other animals, it is of a 
complex nature and includes insoluble or non-diffusible carbohydrates, 
fats or large protein molecules. Before these can be taken into the 
blocd, they must be broken down into simpler soluble or diffusible 
substances or in other words digested. The products cf digestion 
arc then absorbed or assimilated. The undigested and indigestible 
matter left over has to be thrown out by egestion. These four 
processes of ingestion , digestion, assimilation and egestion 
constitute alimentation (from alt men! inn — nutrition) and are performed 
by a special organ system called alimentary system. 

The body of an animal is essentially a double tube (Fig. 54). The 
outer tube is the outer body wall and the inner tube represents 
the alimentary canal. In most Metazoan animals, especially the Chordata 
the alimentary system consists of two sets of organs, viz. the alimentary 
canal (also called digestive tube, gut or cntcron) and the accessory 
digestive glands. The alimentary canal performs the function of 
ingestion, digestion, assimilation and egestion. The accessory digestive 
glands help the alimentary canal in the digestion of the food* 


', / Alimentary 


canal 


The alimentary canal (Fig. 54) of the frog is essentially a muscular 


tube extending from the mouth to the cloacal opening# It is considerably 
longer than the body of the frog and is therefore coiled. It is not also of 
uniform thickness everywhere : at some places it is enlarged and at others it 
is narrowed, so that different distinct regions or parts can be recognized in it. 
The parts of the alimentary canal of the frog are the buccal cavity, 


oesopfcagus, stomach, small intestine, large intestine and cloaca. 

The mouth is a wide opening extending backwards as far as the 
tympanic membrane. It is bounded by the two jaws. The upper jaw is an 
anterior extension of the head and is therefore not independently movable. 
The lower jaw is hinged on the posterior part of the head and can 
be moved up and dowi^ closing or opening the mouth. On the 


alimentary canal 
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of liver 


o-poncreatic dud 


duodenum 


small Intestine 


intestine 


ng of ureter 


urhary bladder Vj 

Fio. G4. Alimentary conol end accessory digestive glands of the fr»>g. 
in sockets as in ourselves. There are no teeth on the lower jaw of 


the frog. The toads, which look very much like frogs, do not have 
teeth on any of the jaws. The skin in the upper ja^ pjojccts down 
like a lip and hides the row of teeth. 
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The mouth cavity. — (Fig- 55 ) The mouth leads into a spacious 
mouth cavity, called also the buccal or oral cavity* It hned 
bv mucous membrane. The buccal cavity has a roof and a floor. On the 
roof of the buccal cavity there is a pair of small patches of the vomer, ne 
teeth anteriorly. The vomerine teeth do not occur in man. 

internal nare ^vomerine teeth 

euslachian canal 

tympanum 


tonoue 






Flu. f».\ Frog with its mouth njnn to thow i»»«* p«'i-u!iar tongue. It is attached in 
front untl projects buck word into thf lmc* a ni ravuy m .1 inn he mnpletely thrust out 
with li^htniinr-lik** speed. 

Tongue.- The torguc t the most conspicuous structure within the 
motuh of the frog. It lies cn the floor of the bi.ccs.1 cavity and is peculiar 
in several respects, i; is a bread, fleshy, somewhat forked and sticky 
flap attached to the anterior part of the floor of the cavity and projecting 
backwards. The tongue of the frog is thus different from that of man ; in 
man the tongue is attached to the back part of the buccal cavity ard i" free 
end projects forward*. The- frog can thrust its tongue cut of its month with 
lightning-like speed. Ar.y inject or other moving object is snapped up 
by its sticky surface. 1 he tongue is then withdrawn into the mouth 
with the insect (Fig. 56). 

Openings in the buccal cavity.— On cither side of the vomerine 
teeth, is the internal or the posterior nostril t the internal opening 
of the nasal cavity, which opens to the outside by the external nostrils 
as already described. Posteriorly in the roof of the cavity are two 
prominences formed by the bulging eyes. Still further behind in the 
back pan of the buccal cavity or the pharynx , as it is called, are the openings 
of the two eustachian canals , one on either side. These are large 
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openings leading into the tympanic cavity , which is closed externally 
by the tympanic membrane. In the floor of the pharynx there is also 



a raised area with a longitudinal slit, the glottis , 
air passes into the lungs. 




through which the 
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Oesophagus. -The pharynx narrows to form the gullet or 
oesophagus. The oesphagus is a straight muscular tube, smooth 
externally and running back below the backbone in the median longitudinal 
axis of the body. Internally its wall is thrown into numerous Tdngitudi-. 

nal folds. * ^ 

Stomach.— Posteriorly the oesophagus enlarges to form the stomach. 

The transition between oesophagus ard stomach is. marked by an abrupt 
bend of the alimentary canal. The stomach is a slightly bent, smooth, pear- 
shaped, muscular bag, with the broader end near the oesophagus. Because 
in man this end of the stomach is close to the heart, it is called the 
cardiac end of the stomach. The posterior end of. the stomach is guarded 
by a di sinct constriction called pylorus (=gate keeper ), which marks the 
beginning of the intestine. 

Intestine —The intestine commences behind the pyloric constriction. 
The first part of the small intestine is called duodenum (so called because 
in man this part of the small intestine is about twelve finger breadth long ; 
(hiodn.tr= twelve). It is a short tube sharply bent forwards from the 
stomach, to which it is parallel. ' It is attached to the stomach by a 
membrane called gastroduodenal omentum. The entry into the 
doudenum from the stomach is guarded by the pyloric valve. The small 
intestine again bends back posteriorly and is now looped several times. This 
part of the small intestine is called ileum. When the whole of the small 
intestine is straightened out, it is nearly five inches long. Finally, the ileum 
enlarges suddenly into a much wider, flask-shaped tube, about an inch long, 
the large intestine, in the median line of the body. The large intestine 
passes into the cloaca, which opens to the outside by the cloaca! aperture. 
Into the cloaca opens vcntrally the duct of a thin-walled, bilobcd sac, • 
the uvinary bladder. The ducts from the reproductive organs and the 
kidneys also open into the cloaca. 

AccessGiy digestive glands 

. 1 he name gland is given to a cell or a group of cells, which synthesize 

a -special secretion having definite chemical properties. The accessory 
digestive glands which are closely associated with the alimentary .... 1 of the 
frog are two, viz. the liver ard the pancreas. There are j.o salivary 
glands in the mouth of the frog as. in man, but there arc mucous glands, 
which secrete the mucus io lubricate the feed while swallowing. 

Th£ liver is one of the most important of the vital organs in ,he body 
of the frog, /it* also* the large ,t gland in the body. U is a large dark 
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reddish-brown ftassi^ccupying a large part of the anterior abdominal region. 
It consists orthrceiobes : a^ifeht, a median and a left lobe. The left lobe 
is the largest arid itsel^nsists of two secondary lobes. This lobe hides the 
greater part of the stomach. The median lobe extends backwards as 
far as the pylorus and hides the duodenum. The right lobe extends much 
farther dorsally than the left lobe. 

Dorsally, in a deep fissure between the right and the left lobes of the 
liver, there is a globose or oval, greenish-yellow vesicle, the gall bladder . 


It has thin walls and is filled with the green bile. The bile flows into the 
gall bladder from the liver by means of three ducts. These ducts arise from 
the lobes of liver, unite together into a single cystic duci, opening 
anteriorly into the gall bladder. The bile passes frem the liver and 
from the gall bladder into the intestine by a single bile duct. Bile 
is a secretion of the liver and it is temporarily stored up in the gall 
bladder. W P 


The pancreas is a flattened, elongated, yellowish-white organ. It lies 
in a fold of the gastroduodenal omentum between the stcmach and the 
duodenum. The pancreas produces the pancreatic juice. The common 
bile-duct in its passage to the duodenum enters the pancreas. The duct of 
fhc pancreas joins the bile duct about the middle of its course and the 
common hepato. pancreatic duct opens into the duodenum dorsally a 
little beyond the pylorus. 



Functions of the parts of the alimentary canal 

AND OF THE ACCESSORY DIGESTIVE GLANDS 

Events during digestion 

The frog is a strictly carnivorous animal and its food consists of 
mostly small animals; like flics, worms, slugs and other smaller frogs, which 
arc captured by a twinkling flick of the sticky tongue. The constituents of 
the food are thus exclusively the various complex proteins, fats and minerals 
occurring in the body of its prey. There are therefore no carbohydrates in 
the food of the frog, as is usually the case with the food of cOw or man. 

The frog never chews its food. Like - most carnivorous animal > ir 
swallows its food whole and usually alive. The teeth in the buccal ity 
are not therefore used in biting or masticating the prey but they prevent the 
slipping or escape of the animal . Copious flow of the mucus secreted 
by mucous glands helps in lubricating the food and thus facilitates its 
easy passage down the throat. No digestion thus takes place in the mouth 
of the frog, not only because the food does not stay there long enough but 
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also because there are no digestive glands like the salivary glands of man in 
the frog. 

The wall of the oesophagus contains glands which secrete an alkaline 
fluid This becomes active in the presence of hydrochloric acid in the 
stomach. The passage of fcod through the oesophagus is effected by 
peristolic contractions of the oesophageal wall. The oesophagus is a 
tube which is normally constricted but when the food enters it, the wall of 
the oesophagus in front of the food expands and as the food moves, 
it constricts behind. Successive contractions of the oesophagus thus push 
the food onwards to the stomach. 

The food remains in the stomach for a considerable time. When it 
has entered the stomach, the cardiac end is closed to prevent the return of 
food into the gullet. The gastric glands now become active and pour out the 
gastric juice on the food. It is thoroughly mixed with the food by 
the churning movements of the wall of the stomach. Waves of contractions 
pass from the cardiac end to the pyloric end, churning, softening and 
mixing the food with the gastric juice. In course of time the body of the 
prey devoured by the frog actually begins to dissolve away due to the action 
of the gastric juice. 

Gastric juice contains hydrochloric acid and an enzyme called 
pepsin. An enzyme is a catalytic agent produced in a living organism, j 
The exact chemical composition of enzymes is not clearly understood, 
but they are believed to oc colloids very much resembling protcids | 
in their composition. They have however the remarkable property 

thiu even minute quantities can transform very large quantities of the 
substance on which they act, wi-hov.* themselves entering into the 
reaction and being used un in the process or combined with the end 
products. Although several enzymes ha%*c been isolated by chemists, 
none has so far b..cn artificially synthesized. Many of them cause 
hydrolysis by. chemically adding a molecule of water to a molecuic of 
the substance acted upon. They are mostly active between 30 - 45* C 
and are destroyed at So -75 C. They arc specific in their action, 
i. e., a given enzyme will act on a particular kind of substance. For 
example, protelytic enzymes hydrolyse proteids, lipolytic enzymes 
or lipases hydrolyse fats and amylases hydrolyse carbohydrates 

Pepsin is a protelytic enzyme and therefore acis on the proteid 
part of the food ol frog It i$ effective only in the presence of hydrochloric 
acid. The complex insoluble protcids arc hydrolysed step by si p and 
ultimately converted into peptznes and proteoses. The food s now 
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partly digested and becomes a soupy mass called chyme. When 
this change has taken place, the pyloric valve opens bit by bit to permit 
the chyme to enter the duodenum. 

In the duodenum the chyme meets the bile and the pancreaic 
juice from the hepato-pancreatic duct. The alkaline bile neutralizes 
the acidity of the chyme and thus enables the pancreatic enzymes to 
become active. Bile also breaks up the fats into minute droplets and 
thus emulsifies them. 

The pancreatic juice is also alkaline and contains two important 
enzymes trypsin and lipase (= steapsin), which are active orly in 
an alkaline medium. Trypsin now acts on the peptones, proteoses and 
the undigested proteids and changes all of them into polypeptides. 
The polypeptides are further acted upon by another enzyme erepsin 
contained in the intestinal juice secreted by the duodenum. They 
are now resolved to amino acids, which are the c. d products of 
protein digestion. Within the body the amino acids can be recombined 
10 give rise to proteids once more. 

Steapsin, the lipase of the pancreatic juice, acts on the fats which 
have already been emulsified by the bile. It now converts them into 
fatty acids and glycerol. The fatty acids have only a very short 
existence, because they are at once neutralized by the alkali of bile to 
produce collodial soap solutions. 

In this way all the insoluble and non-diffusiblc constituents in 
the food have been converted into soluble or diffusible form, lhat is, 
they have been digested. 

Absorption and assimilation 

The process of digestion briefly outlined above has so changed 
the food that it can pass through the intestinal membrane by diffusion 
into the blood system, in oiher words can be absorbed. Most o 
the absorption takes place in the small intestine, because it is on y 
here that the food arrives completely digested. The mineral sal's an 
water are directly absorbed and do not undergo any digestion, because 

they are already soluble and diffusible. 

The end prcducts of protein digestion, viz. the amino acie s * c 
absorbed by the mucosa, lining the small intestine, and pass into the 
blcod stream going up the hepatic portal circulation (>" " m,r 
Circulatory System). From there they reach the liver before go.ng to 

the various parts of the body. 
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The collodial soaps, derived as the end products of fat digestion 
do not diffuse directly into the blood vessels but they reach the parts 
of the body by another route. They pass into the lymph vessels 
which later empty into the blood stream. 

The undigested part of the food now accumulates in the large 
intesiinc and cloaca. The material in the cloaca is thus largely rejected 
material and bacteria, which set up decomposition of the undigested 
matter. The cloacal contents arc ejected as faeces through the 
cloacal opening. 

Functions of the liver. — Strictly speaking, the liver is not 'a 
digestive organ, because it docs not secrete any digestive enzyme. The 
bile, which emulsifies fats and also neutralizes the acidity of the chyme, 
is really in the nature of a waste product or an excretion of the 
liver. It is made up of worn-out blood cells and other waste matter. 
It consists of water, salts (especially sodium bicarbonate), bile acids, 
lipoids like cholcsterin and lecithin, neutral fats, soaps, urea, etc. Its 
green colour is the result of the presence of decomposition products 
of the proteins of the blood. 


It however helps digestion of fats by preciously emulsifying 

ihcm. Bile stimulates the peristaltic contraction of intestine and thus 

helps the passrge of food. It has also an antiseptic action on the 
intestinal contents. 

Excess protcids cannot be stored up in the body like carbohydrates 
or tats. The unused proteins and the protein wastes from the metabolism 
it- ‘he various tissues and organs of the frog arc therefore deaminised 
I' liver. The amino acids arc there converted into ammonia 
and a tool giving par,. The mmonia is as rapidly changed into 

urea as it is formed Th ..' nitrogenous, easily oxidisaMe residue 
itucl now . -aw -r : ...o a carbohydrate called gly C og €n . 
O.eogcn is cither due.’ , converted into blood sugar glucose and 

future* use"' 0 N ° 0d *“ Cam 0r SIOrcd U P •" liver as glycogen for 

I.ivcr has therefore very vital functions to perform Though 

no, a digestive gland, complete digestion of food is impossible ..„hout 

the hver functioning normally. It is also responsible for .>;si . lation 
of protcids and <r, and rcglllalion of , he essential car ,„ a[c ^ 

Elimination o, waste of metabolism and purification of blood are 
effected by hver. In fact metabolism in the frog's body is possible 
.us, because there is a h-. Metabolism is life. The liver can 
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truly be compared to one leg of the tripod of life of frog, the two 
other legs being the heart and nervous system. As a tripod will fall, 
if any one of its three legs disappears, the importance of the work 
of liver will be readily understood. 

Fate of the absorbed food : Uses of food 

The absorbed feed is carried by the blood stream to all the cells 
that go to build the body of the frog. There the food is used to produce 
energy, to carry on the vital activities and to repair and rebuild new 
protoplasm. 

Before however the absorbed food can reach the cells of the body, 
the b'ood stream carrying the absorbed food (amino acids, fatty acids, 
glycerol, soaps, mineials and water) from the intestine, passes first to 
the liver.. In the liver the amino acids are converted into urea and 
glycogen as already described. Glycogen is later changed to glucose 
and then let loose in the blood once more. This glucose is oxidised 
by the body cells to liberate the required energy. The rest of the 
amino acids is recombined in the body cells in the presence of other 
enzymes once more to produce the proteids that make the protoplasm 
of the frog’s body. Fats are built into the stiucture of the protoplasm, 
or are directly oxidised to release energy. 

The fate of the absorbed food is to be summarized thus 

1. The absorbed protein is not stored but is used up as it comes. 

2. The protein of food replaces the loss of protein of the body. 

3. Rest of the protein is burnt up and the cumbustion products 
are eliminated and partly converted into carbohydrates. 

4. Carbohydrates are used as sources of energy and excess is 
either stored as such or converted into fat. 

5. Fats are stored and are burnt to provide energy. 

The food is therefore used for the following purposes in the 


r 

> 


btdy of the frog 

1. For production of the various forms of vital eiyargy. 

2. For repairing and/febuildfng the cell^'fissues and organs ol 

the body, in oriicr words to repj*£ the loss of material ard 
to create now living matter— protoplasm. Food js thus changed 
into life. ^ 

3. It enables the body of the frog to grow. 

4. It is also stored up in the eggs to serve as food for the embryo. 

5. It is stored up in the fat bodies to be used during hibernation 
and aestivation. 
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5 CIRCULATORY SYSTEM 

Definition of circulaticn-The absorbed food and oxygen are 
continually carried to every part of the body. The effete waste products 
of metabolism are also removed promptly from every part and transported 
to those organs, whose function is to separate and expel them from 
the body. This process of interchange and transport of material - nutrients, 
oxygen, wastes, etc., in the body of an animal is called circulation. 
The organ^>p^cially concerned wich circulation comprise the circulatory 
system . The circulatory system is thus essentially a transport system. 

The circulatory system of the frog comprises i. blood circulation 
and 2. lymphatic circulation. The essential parts of the former 
arc (i) the blood the liquid medium of transport, (ii) the heart 
a 'central pumping station and (Hi) tubular closed blood vessels or 
the highways of transport. The lymphatic circulation includes the 
lymph , the lymphatic vessels, in which it flows, and the spleen . 



Flo. 57. A ilrop of frog* Mood highly in^n-fi-d. The erythrocyte* of the frog 
aro biconvex ova! that have i. * 

Blood.— Tnc blood is the great medium of transport of material in 
the frog. It is a liquid tLsuc. The blood of the frog is an opaque, 
somewhat sticky, complex liquid, ' 'ittlc hv-avicr thin water. Its 
colour varies from bright scaric: i - >cp purple according as it is fresh * 
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and contains oxygen or is exhausted of oxygen and is charged with 
waste products from the organs. It is slightly alkaline. 

The blood is composed of a nearly colourless liquid, the plasma , and 
of various solid bodies, the blood cells or corpuscles . 

The blcod plasma is a clear, transparent, pale yellow liquid. 
Nearly ninety percent of it is water, the remaining solids, especially 
protcids. The blood proteins are fibrincgen, serum albumin, serum 
globulin and haemoglobin. Nutrient substances such as amino acids, 
soaps, fats, glucose, salts of potassium, calcium, magnesium, iron- and 
especially sodium chloride (about 0.65%) are always present in varying 
quantities in blood. Waste materials like carbon dioxide and urea also 
occur in minute amounts. Special secretions like the hormones from 
the endocrine glands (1 'id* Endocrine System) may also be found 
in the blood. 

The corpuscles (Fig. 57) are of two kinds : 1. erythrocytes or 

haematids or red corpuscles and 2. leucocytes or amoebocytes or 
white or colourless corpuscles. The red corpuscles arc far more numerous 
^ than the white corpuscles : there are about 400,000 red blood corpuscles 
per cubic millimetre of fiog’s bleed. The red colour of the blood is 
y due to the presence of the red corpuscles. Each red corpuscle is a 
biconvex oval disc, about 14 micra thick and 26 micra leng. They have 
elastic walls and they can easily squeeze through passages narrower 
than themselves. They do not however have the power of spontaneous 
movement. In each red corpuscle there is a specialized central 
portion, the nucleus, which has the power of being readily stained 
by certain dyes. 

The red colour of the red corpuscles is due to the presence of 
an iron-containing proteid compound, haemoglobin. The haemoglobin 
of the red corpuscle can be extracted with ether and crystallized in 
prisms. Haemoglobin has the remarkable property of readily combining 
with oxygen and thus giving rise to an unstable compound called 
oxyhaemoglobin. This compound can just as readily decompose 
and give up its oxygen to the tissues of the body. The red corpuscles 
are therefore oxygen-carriers of the blood. 

The colourless corpuscles are normally fewer than the red corpuscles 
and number about 7000 per cubic millimetre of frog’s blood. They 
do not have a constant shape because they continually flow in various 
directions. They have the power of spontaneous movement and often 
L pass out through the walls of the blood vessels and migrate to all 
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sorts of places. The protoplasm of the white corpuscle streams in the 
direction of movement, so that a bulging process called pseudopodium 
appears on that side. In the blood, the colourless corpuscles behave 
exactly like independent and complete organisms by themselves. In 
addition to the power of autonomous movements, they exhibit all the 
properries of life. Leucocytes respond to external stimuli. They also 
take food by surrounding any old and dead cells or any other, foreign 
matter in the blood. They actually ingest fat globules when the 
blood passes through the intestine. They reproduce by dividing into 
two, each half growing into complete white corpuscles. If 

There are several kinds of colourless corpuscles. Certain kinds, 
the phagocytesj are the policemen of the blood and do the work of 
invading and destroying foreign organisms They also remove old 
and dead cells of the body. Other kinds, the thrombocytes , provide 
a substance called thrombin , which acts on fibrinogen present 
in the plasma. The fibrinogen is a soluble blood protein. When 
thrombin acts on fibrinogen, the latter is converted into the insoluble 
fibrin threads, which form a close mesh entangling the corpuscles. 
Thus a blood clot is formed. The clotting of blood is a very important 
process of natural repair, far when a blood vessel is cut, a clot forms 
at the wound and stops bleeding. 

The blood corpuscles have the following functions to perform : 

i The erythrocytes absorb the oxygen which is breathed in 
with the air and give it up to the tissues which arc in need 
of it. 

- The leucocytes a r as phagocytes or policemen of the body 
and def.ioy foreign organisms. This they do cither by 
engulfing the organism and digesting them or by producing 
bacteriolysins which have ti e power of dissolving the bacteria. 

3. They aid in the repair and regeneration of tissues. 

4. They absorb fat from the intestine. 

5. They help in maintaining the blood proteins. 

6. They aid in the clotting of blood. 

In addition to the corpuscles, blood also contains certain very 
important antibodies. When any foreign disease-producing organism 
like a germ or a bacteria gets into the blood, a specific protective substance 
called antibody is usually produced in the blood. The antibodies destory 
the pathogenic foreigner and confer immunity to the animal from the 
j^tack of that particular agent. 
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The ventricular cavity is- not smcoth but is thrown into numerous spongy 
muscular ridges or trabeculae. The cavity of the ventricle does not extend 
right into the apex of the heart and it is also elongated in the transverse axis 
of the heart. The auriculo-ventricular opening is guarded by two flaps, the 
auriculo.ventricular valves , springing from the ventricular wall. One 
of these flaps is dorsal and the other is ventral. The free margins of 
the valves are bound down to the ventricular wall below by a number cf fine 
thread-like structures, the cordae tendonae. The length of the corda; 
tendona: is such that they allow the valves to rise up and meet together so as 
to close the aperture but prevent them from pushing further into the cavity 
of the auricle. The valves therefore permit the passage of blood from the 
auricles to the ventricle but not back. 


truncus 


sinu-auricular 
' opening 


rt. auricle 


nary artery 


f-mler auricular 
septum 

auriculo-venlricubr 

valve 


cordae (endonae 


Fio. 60. TJie thrce-chambcrcd heart of the frog cut open lengthwiso to show ih«> 

internal structure-. 

* 

Blood vestels.— The blood vessels of the frog arc of two kinds : 
arteries and veins. The arteries are blood vessels with clastic muscular 
walls. They carry the blood from the heart to the various parts of the body. 
The arteries arise from the ventricle. They branch several times, become 
successively smaller, until they form a network of microscopic capillaries, 
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which penetrate among the ultimate cells of the body. A capillary vessel is 
about one-hundredth of a millimetre in diameter and has lost the elastic coat 
of the arteries. The capillaries reunite together to form larger and larger 
vessels, the veins , (Fig. 61) in which the blood, now impoverished of its 
food and depleted of its oxygen but charged with carbon dioxide and other 
waste products, flows towards the heart. Veins arc thus blood vessels which 
convey the blood from parts of the body to the heart. To prevent the 
backward flow of blood, some of the veins have valves that open 
in the direction of the flow of blood to the heart. The blood is everywhere 
contained in vessels and not allowed to flow out between the cells. 
There is thus a closed circuit of blood vessels and the frog is thus said to 
have a clos ed circulation , in contradistinction to an open circulation 
found in some other animals. 
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Arterial system.— The nrtenai system of the frog begins in the 
ventricle ot the heart as the conus arterious. The conus arises from the 
right hand side ventrally from the base of the ventricle. It is a stout blood 
vessel which runs forward and to the left across the auricle to their anterior 
median border. Here it divides into a right and left truncus arteriosus. 
Externally the conus appears as a single vessel but internally may be 
recognized a proximal phylangium and a distal synangium. The 
opening of the ventricle into the conu< is large and is guarded by semi. ^ 
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curving round to the right and a cavum pulmocutaneum or pulmo- 
cutancous chamber beginning dorsally and curving round to the left. 



i.r « ! , i!;* C r H ; f t, "‘ ! r ‘ % * ,w " ,r * vutopcn UnfjdmiHo to riiuw tlu> irrmmcmont 

»!r, "HlUote I ho uL-*-«Un of the fl,« of blood, that dh id. h into three 


Beyond the end of the spiral valve is the distal part of the conus, 
viz. the synangium. This is a short but wide part of the conus and is 
separated from the phylangium by three semilunar valves. It is 
completely divided into a dorsal and a ventral chamber by a horizontal 
principal septum. 1 he dorsal chamber communicates with the cavum 
Pulmocutaneum. The ventral chamber is further subdivided by a vertical 
septum medium into a right and a left half. The right passage 
communicates with the cavum aorticum. 

Truncus arteriosus. —The truncus arises from the conus and 
almost immediately bifurcates. The two trunks are themselves made 
up of three vessels : an inner ventral carotid trunk, a median systemic 
trunk and a dorsal outer Pu imocutaneous trunk. The carotid and 
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Fic. 64. Diagram of the arterial system of frog in lateral view. 
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the systemic trunks of the right side communicate with the right ventral 
passage formed by the septum medium in the synangium. 

The left systemic aorta communicates with the left ventral passage 
of the synangium. The pulmocutaneous communicates with the dorsal 
chamber of the synangium. Each arterial trunk, soon after leaving the 
heart, divides into three arches, viz. the carotid , the systemic and the 
pulmocutaneous arches- 

The carotid arch is the anterior-most of the three aortic' arches. 
It curves round the bide of the oesophagus to the dorsal surface. Shortly 
after its origin, it expands into a small globose carotid gland or carotid 
labyrinth. Before expanding to form this gland, the caiotid arch gives of!' 
a small lingual artery ,* which runs forwards and inwards over the 
throat and supplies blood to the tongue and thyroid gland. The main 
carotid artery continues from the outer border of the carotid gland. It runs 
round the oesophagus to the dorsal surface, where it takes a sharp turn 
anteriorly beneath the base of the skull. Here it divides into an external 
carotidy whose branches supply blood to the pharynx and orbit and an 
internal carotid artciv. The internal carotid enters the skull and 
supplies blood to the brain. Before turning anteriorly to run under the 
base of the skull the common carotid gives off a posterior ductus Botalli. 

The systemic arch.— The second trunk or the systemic arch coming 
from the truncus arteriosus also runs round the oesophagus to ihc dorsal 
surface, turns inwards and backwards to join its fellow of the opposite side. 
The right systemic arch then runs as a straight stout dorsal aorta 
posterior;)’ beneath the vertebral column. The left systemic arch opens 
into it by a small opening and then continues behind as the coeliaco - 
mesenteric artery. The cocliacomescnteric artery at once divides into a 
coeliac and a mesenteric artery. '1 he coeliac artery gives off the gastric 
artery to the stomach and a hepatic artery to the liver. The mesenteric 
artery supplies branches to the spleen, kidneys, etc. Before uniting to form 
the dorsal aorta, the systemic arches give off: «. laryngeal artery to the 
larynx, »». oesophageal artery to the oesophagus tit. occipitovertebral 
artery supplying the sides of the head and vertebral column and iv. sub- 
clavian artery supplying the shoulder and the fore limbs. 

The dorsal aorta continues straight backwards and ultimately bifurcates 
to form the iliac arteries- The iliac arteries continue posteriorly as the 
sciatic arteries into the hindlegs. 

* This is colled external carotid by some Ullhors. 
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The pulmocutancous arch is the posterior-most blood vessel from the 
truncus arteriosus. It runs forward and upward on the oesophagus. At 
the level of the carotid gland, it divides into the pulmonary artery which 
carries the blood to the lungs and the cutaneous artery distributed to 
the skin of the trunk. 

SYNOPSIS OF THE ARTERIAL SYSTEM 

The arterial system begins in the ventricle, which opens into the conus 
arteriosus. The conus continues as truncus arteriosus, which divides into 
two trunks. Each consist* of carotid, systemic and pulmocutancous arches. 

The carotid arch gives off : 

1. Lingual artery to the tongue 

2. Common carotid artery continues beyond the carotid gland and 
gives off an external carotid to the mouth and orbit and an internal 
carotid to the brain. 

The systemic arch gives off : 

1. Laryngeal artery to the larynx 

2. Oesophageal artery to the oesophagus . . 

3. Occipitoveitcbral artciy to the base of the skull and the 
backbone 

4. Subclavian artery to the fore limb 

The left systemic arch gives off at its point of union with the dorsal 

aorta : 

Coeliacomesentcric artery, which soon divides into a cocliac and 
mesenteric branch. , 

The dorsal aorta gives off : 

1. Renal arteries to the kidneys 

2. Ovarian or spermatic arteries to the reproductive organs 

3. Iliac arteries, which continue as the sciatic arteries in the 
legs. 

The pul mocutaneous artery gives off : 

I w Cutaneous artery to the skin 

2. Pulmonary artery to the lungs. 

Venous system.— The venous system of the frog comprises 1. the 
veins which convey the blood from the lungs to the heart, 2. the anterior 
veins which convey the blood from the head, throat and fore limbs and ?. 
posterior veins bMBgmg the blocd back from the viscera, legs, etc. 1 he 
veins which bring the blood from the lungs reach the heart directly, but the 
anterior and posterior veins open into the sinus venosus. 

jjrr 11 — 
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Veins which open into the heart 

The pulmonary artery breaks up into capillaries in the lungs, where 
the carbon dioxide of the blood is exchanged for the oxygen of the air 
The capillaries unite to form the pulmonary vein • The pulmonary vein 
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therefore contains freshly oxygeratv/i • lcod. The pulmonary veins of the 
two sides unite together into a common pulmonary vein, which opens 
antcro-dorsally into the left auricle of the heart close to the inter-auricular 
septum. 
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Veins opening into the sinus venosus 

Anterior veins — The impure blood from the tongue returns by the 
lingual vein on each side. A mandibular vein coming from the lower 
jaw joins the lingual vein to form a short external jugular vein. The 
internal jugular vein brings the blood back from the brain and inside 
the head. This is joined by the subscapular vein from the shoulder 
to form the innominate vein. The blood from the fore limbs returns by 
the brachial vein. A musculocutaneous vein bringing the blood 
back from the body wall muscle and from the ‘kin joins with the brachial 
to foim a subclavian vein. 

The external jugular, the innominate and the subclavian veins of each 
side join together to form a stout common anterior vena cava or 
precaval vein. Each anterior vena cava opens into the sinus venosus at 
its antcro-lateral angle. 

Posterior veins.— The posterior venous system of the frog comprises : 
1. a systemic, 2. a renal poital and 3. a hepatic portal system. The 
venous blocd from the trunk, viscera, hind limbs and other organs 
posterior to the heart do nor return directly to the heart but the veins once 
again break up into capillaries either in the kidneys or in the liver before 
rejoining to form the posterior vena cava , or the post caval vein> 
which opens into the sinus venosus posteriorly. When the veins thus enter 
an organ on their way to the heart we have a portal circulation. There 
arc two portal circulations in the frog : a renal portal and a hepatic 
portal circulation^ V 

The venous blood from the hind limbs returns by 1. the femoral 
vein and 2. the sciatic vein. The femoral vein is the larger of the 
two and runs forward, downward and outward to reach the pelvis or the 
hip. Here it bifurcates to form a pelvic vein and an iliac vein . 

The sciatic vein runs forward and joins the iliac vein. The common 
vessel thus formed is termed the renal portal vein. The renal portal 
vein continues forward and gives off small branches which enter the kidneys 
and break up into capillaries within the kidneys. Here the kidney cells 
remove the waste products urea and carbon dioxide from the blood. The 
capillaries reunite to renal veins. Four to six renal veins leave each 
kidney, join together to form a stout posterior vena cava , which runs 
forward to open into the sinus venosus. 

The pelvic veins of the two sides run inward to the median ventral 
line of the abdominal wall, where they unite together into an unpaired large 
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median anterior abdominal vein. The anterior abdominalveinruns 
in the median line on the ventral wall of the body up to the sternum or 
breastbone. Here it runs inward and gives off two lateral ^nchcs and onc 
median branch. The lateral branches enter the nght and the left lobes of 
th e liver and break up into capillaries. The med.an branch um.es w.th 

he ^Z:Tc% n al vein is formed by the union of the intestinal 
gastric and splenic veins , bringing the blood respccuvely from the 
intestine, stomach and spleen. The intestinal vem contams the btorfw 
■he ab-orbed food material. The hepat.c portal enters .he left lobe 
liver and breaks up into capillaries. Here the liver cells remove the excess 
of amino acids from the blood and liberate glucose mto the bloody The 
capillaries reunite and the blood leaves the hver by the r ,ght nd eft 

■sr.ns = 

behind the hear, can only return to the . hear, either through the ktdneys or 
through the liver but not- direct. 

SYNOPSIS OF THE VENOUS SYSTEM 
The venous system comprises : 

. Pulmonary vein, 2. anterior veins and 3. Postenor veins 

The Pulmonary vein begins in the lungs and opens mto the 

2 / ThTinterior vena cava opens into the sinus venosus and is formed by 
the union of : - 

(t) External jugular vein formed by the 
(a.) lingual from the tongue and. 

(6.) mandibular from the lower jaw, 

(ti) Innominate vein formed by the 

(а) internal jugular from the skull and 

(б) subscapular from the shoulder 
The subclavian formed by the 

(а) brachial from the fore limb and 

(б) musculocutaneous from the body wall and the skin. . 

3. The Posterior vena cava opens into the sinus venosus and u formed y 

(i) The renal portal system and 
(»») The hepatic portal system. 

(i) The renal portal system . 

(a) The iliac vein and sciatic vein unite to or 

portal vein 
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(6) The renal portal vein breaks up into capillaries in the 
kidneys 

(<•) The capillaries rejoin into the renal veins 
(d) The renal veins join to form the posterior vena cava. 

(»i) The hepatic portal system 

(а) The pelvic veins unite into anterior abdominal vein 

(б) The anterior abdominal vein breaks up into capillaries in 
the liver 

(c) The gastric and intestinal veins unite into the hepatic portal 
vein, which also breaks up into capillaries in the liver 

(d) The capillaries reunite to form the hepatic vein, which 
opens into the posterior vena cava. 

Mechanism of circulation : Events during circulation 
The blood is forced under pressure through the arteries by the 
pumping action — contraction of heart. A contraction followed by relaxation 
of the heart forms one complete heart beat. All parts of the heart do 
not contract at the same time but the contractions pass in a wave-like 
manner from the sinus to the auricles, then to the ventricle and finally to the 
conus. The contracted state is called systole and the relaxed state is called 
diastole The heart' continues to beat ceaselessly, taking short rests 
between successive contraction-. The beat of the heart is therefore 
described as rhythmic There is a regular sequence of systole, diastole, 
pause for test, systole, diastole, pause and so on. In the case of the frog 
ard o'hcr similar cold-blooded animal . the heart continues to beat long 
nfur the death of th*. anitn 

'» he beat of frog’s h. m comment s in the sinus venosus, which has 
received the impoverished bi-*cd from the prccaval and postcaval veins. 
The sinus venosus contracts and thu force, the venous blood through the 
sinu-auiicu;?r opening into ihc right amide. At the same time the left 
auricle is filled by the frc.hly oxygerated blood returning from the lungs 
through the pulmonary vein. The 'inns relaxes and the valves guarding 
the sinu-auricular opening close. The two auricles now contract simul- 
taneously and thus force the blGcd into the ventricle through the auriculo- 
vcntricular aperture. The impure venous blood from the right auricle and 
the pure oxygenated blood from the left auricle both fill the elongated cavity 
of the ventricle. The pure blood flows on the left side and the impure 
blood on the right side, with a mixture of the two kinds in the middle. The 
ventricle contracts, immediately after the auricles, allowing no time for 
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mixing up of the pure and the impure blood. The auriculo-vcntricular valves 
close and thus prevent a return of the blood to the auricles. The venous 
blood on the right side being immediately in front of the opening of the 
conus, passes first into the conus, which now contracts. In the phylang.um, 
the blcod is directed by the longitudinal valve and passes from the dorsal 
side to the right and finally to the ventral side. The venous blood passes 
over the free border of the upper end of the longitudinal valve and enters 
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F, 0 . 07. Diagram of tho flow of blood within the heart The fine dots represent 
tho freshly oxygenated blood entering tho left auricle from tho oprmnn of t 
nulmonorv vein It is tho first stream that flows out when the ventricle contra. (» >• 

entors tho carotid arch that supplies tho head. The larpor dots represent the mix « 
of 'ox Vffonatod and venous streams that flows next and enters the systemic arch 
siii>nfv*thc Ronoral viscera The small circles represent the venc us stream coming into 
thought auric I o through the sinu-auricular aperture It flows last of all and ^ enter- 
p.ilmo-cutancous arch, whence it reaches the lungs and the skin for oxygenation. 


the cavum pulmocutancum. In the synangium the blood enters the pulmo- 
cutaneous artery and goes to the lungs and skin for oxygenation. The next 
portion of the blood from the ventricle, a mixture of pure and impure kinds, 
enters the systemic arches and finally the purest blood from the left 
side of the ventricle passes into the carotid arches. 
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SYNOPSIS OF EVENTS DURING THF BEAT OF THE HFART 

1. Venous blood fills the sinus venosus. 

2. The sinus contracts. 

3. The blood flows from the sinus into the right auricle ; freshly 
oxygenated blood from the lungs fills the left auricle. 

4. The auricles contract. 

5. Both kinds of blood flow into the ventricle. 

6. The ventricle contracts. 

7. The venous blood flows first, next a mixture of pure and impure 

and finally the pure blood flows into the conus. 

8. The conus contracts, the venous blood being directed by the 
longitudinal valve into the pulmocutaneous artery, goes to the 
skin and lungs for oxygenation. 

9. The mixed blood is next driven to the systemic arches and goes to 
supply the posterior parts of the body. 

10. Oxygenated bleed (last part; is now driven into the carotid artery 
and goes to the head. 

11. One complete beat of the heart is over. 

Lymph.— The lymph is a clear, transparent liquid containing colour- 
less corpuscles. It differs from blood in not having red corpuscles. It is 
derived from the blood filtering-out through the blood vessels, leaving the 
red corpuscles behind. 

The lymph is ricsent -i lymph minuses beneath the skin. Lympha- 
tic vessels are fauna »r. the waits of t4je intestine to absorb the digested fats. 

arc called lacreals . because they contain a milky chy le, which they 
discharge into the venous system. Two pairs of lymph hearts keep the 
lymph circulating in he frog. One of these hearts lies beneath the shoulder 
bones and ether in the posterior region of the body. 

The spleen.- The spleen is a small globose reddish-brown gland naar 
the anterior end of the large intestine. The spleen manufactures the 
colourless corpuscles of the lymph and blood. Old and unhealthy red 
corpuscles arc destroyed in the spleen. Further mention of the spleen will 
be made under the Endocrine System. 

6. RESPIRATION 

Respiration is the transformation of food into energy by the slow 
oxidation or “physiologic..! burning ' ol' food in the body of an animal, with 
the help of the oxygen that is breathed in. The removal of carbon dioxide 
resulting from this oxidation is also a part of respiration. Respiration 
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is thus not merely breathing. It is really exchange of oxygen for carbon 
dioxide and the transformation of the food into energy. The exchange of 
oxygen of the air for the carbon dioxide of the blood is called external 
respiration and that between the blood and the body cells is tissue 
or internal (true) respiration. 

Types of respiration in the frog —The frog is able to extract the 
small quantity of oxygen (0.7%) dissolved in water and to give up carbon 
dioxide to the water by its skin. It is also able to breathe the abundant 
oxygen (21%) of the air into the lungs. There are therefore two types of 
respirations in the frog : cutaneous or skin respiration and pulmonary or 
lung respiration. The moist skin is richly supplied by capillaries from the 
cutaneous artery. In the capillaries the blood is separated from water by a 
very thin membrane. The red corpuscles of the blood readily absorb the 
oxygen from the water and the plasma gives up its carbon dioxide to 
the water. In pulmonary respiration, the gaseous exchange between the 
blood and the air takes place within the lungs. 

Respiratory organs. -The frog has a primitive respiratory system. 
The organs of pulmonary respiration in the frog are: ». th e external narcs, ti. 
the internal nares, «•«. the buccal cavity, tr. glottis, v. laryngo tracheal 
chamber, vi. the bronchi and vii. the lungs. 

The external and internal nostrils and the glottis have already been 
described. The buccal cavity is also used in breathing. The mucous 
membrane lining the buccal cavity dissolves a certain amount of oxygen, 
which is then absorbed by the blood in the capillaries, t-* 

Larynx.— The glottis or the slit-like aperture on the floor of the buccal 
cavity opens into a stout, short tube, the larynx , which is strengthened by 
fine semi-elastic cartilages, of which one is single and the rest arc paired. 
These are the oval ring-like cricoid cartilage , with the paired arytenoid 
cartilages in front. The latter are stronger and larger in the male than in 
the female frog. There are two pre.arytenoid cartilages in front of the 
arytenoids. 

The cavity of the larynx is constricted anteriorly and posteriorly. 
The larynx bifurcates posteriorly to form the bronchi , which enter the 
lungs. 

Lung*.— The lungs of the frog are simple, elastic, spongy sacs, 
situated one on either side of the heart. They are richly supplied with 
blood. There are numerous small chambers or alveoli. The alveoli are 
lined by capillaries of the pulmonary artery and have moist surfaces. The 
oxygen of the air, which is breathed in, dissolves in the surface moisture and 
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diffuses into the blood. The haemoglobin of the red corpuscles absorbs the 
oxygen and later releases it to the tissues which require it. The carbon 
dioxide liberated by the tissues is mostly dissolved in the plasma and passes 
out into the air of the alveoli to be breathed out of the lungs. 

Respiratoi y movemeDts : Mechanism of respiration 
The mechanism of respiration in the frog consists in alternate 
breathing-in of air into the lungs or inspiration and breathmg-out of air or 
expiration. The frog closes the mouth and depresses the floor of the 
buccal cavity, thus drawing in a quantity of air through the external nostrils. 
The air passes through the nasal cavity and enters the buccal cavity by the 
internal nostrils. When the buccal cavity is filled by air, the external 
nostrils arc closed by a flap of skin thus preventing the escape of the air. 
The floor of the buccal cavity is now forcibly raised, thus compressing the 
enclosed air. This air is therefore forced through the glottis into the larynx 
and thence into the lungs. Inspiration is thus completed In the lungs it 



Fu: GK. ttcriv* of dru-sWii^ »•» *l«tw *!»•* respiratory and illitetrote tb<* 

mechanism of respiration in t >»«• fr-is. The respiratory ..ppuratir of t).o f.o{i m».y be 
compared to a force pump, which forces the air in and out of the longs*, il.o buccal 
cavity plays the role of the force pump. 

fills the alveoli, where the gaseous exchange takes place. The floor of the 
buccal cavity is again depressed and the air from the lungs, having given up 
its oxygen and having absorbed carbon dioxide, rushes back into the buccal 
cavity. The external nostrils are opened and the air is finally forced out by 
the raising of the floor of the buccal cavity once more. Expiration is thus 
completed. In breathing on land, a frog must therefore keep its mouth 
closed, since the volume of the buccal cavity is changed by the movements 
of the wall of the throat. 
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Voice. — ' The respiratory organs are also responsible for the production 
of voice — the croaking of the frog. Two vocal cords or vertical flat bands 
of connective tissue are attached to the arytenoid cartilages. The vocal 
cords leave a slit-like opening- or rima glottidis between them. 
Croaking is produced by ihe vibration of the edges of the vocal cords, 
when air is forced vigorously through them from the lungs. Male frogs 
croak much more loudly than female frogs and the vocal sacs of the 
male become inflated with air and amplify the sound. Only air-breathing 
animals have vocal cords and thus have a ‘voice’ ; fishes do not have cither. f 

7. UR1NOGEN1TAL SYSTEM 

The urinary and genital systems of organs of the frog consist of the 
excretory system and the reproductive system. These two systems 
are usually considered together, because they have largely a common origin 
and also because the products of the reproductive organs often pass through 
the ducts of the excretory system. Functionally however the two sets of 
organs arc completely unrelated. 

U''" Excretory system 

The excretory system of the frog has the special function of separating 
the waste products of metabolism from the blood and expelling them from 
the body. The waste products of metabolism, viz. urea, carbon dioxide and 
water, arc gathered by the blood stream in the course of circulation. If 
these products are not promptly and continually eliminated from the blood, 
but allowed to accumulate, fatal results will ensue. The removal of these 
waste products is called excretion and often the waste products arc them- 
selves called excretory products or simply excretions. Excretions 
are chiefly urea, water and carbon dioxide, in other words the useless 
products of life-activity; faeces is thus not an excretory product, because it 
never entered into the metabolic activity of oxidation of food in the tissues. 

The excretory organs of the frog are the skin, liver, lungs, kidneys, 
ureters, urinary bladder and the cloaca. 

The/ skin'x of the frog is an important excretory organ. It excretes 
a considerable amount of superfluous water and also large quantities of carbon 
dioxide. 

^ The (livery per forms, in addition to the functions already mentioned, 
important excretory functions also. It is in this organ that ammonia, a 
product of amino acid decomposition, is built up into urea and put into 
the blood stream to be expelled by the kidneys. The liver also excretes the 
important waste product bilirubin , resulting from the disintegration of the 
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haemoglobin when erythrocytes of the blood die. Bilirubin is the chief 
colouring matter of bile. Cholesterol is another waste product, derived 
partly from the death of red corpuscles and excreted by the liver. Certain 
toxic agents, drugs and metals like copper, are eliminated from the bcdy by 
the liver through bile. 

The lungs, which arc strictly speaking respiratory organs, should also 


be considered as one of the excretory system. The excretion of carbon 
dioxide is largely the woik of lungs. The exhaled air contains considerable 
quantities of this gas. 

Kidneys.— The kidneys are the chief excretory organs of the ficg. 
They are a pair of elongate oval, flat, dark-red, lobulated organs, attached to 
the dorsal body wall, one on cither side of the median line. They arc 
situated in a lymph space. The inner border of each kidney is straight end 
the outer border convex. Each kidney is somewhat thinner posteriorly than 
antcrioriy. It is about 15 mm long and 5 mm broad. 

There arc two distinct notches on the inner border of each kidney, the 
posterior-most being the deepest. Each notch extends as a groove 2nd 
contains a branch of the renal portal vein. A kidney is enclosed in a thin 
capsule. It i* made up of malpighian corpuscles, uriniferous tubules and 
collecting tubes. 

Ureters . — '1 he ureter begins frem the dorsal suiface of the kidney and 
is continuous with the collecting tubules inside the kidney. It lies wholly on 
the dorsal surface in the anterior part of the kidney but posteriorly, in a 
groove r»« the outer border of the kidney, along with the renal portal vein. 

Et’.ch jre-.cr runs backward ar.d converges posteriorly to its fellow of the 
oppodre side. The two ureters thus open close together but separately into 
tile cloaca from the dorsal side. 


Urinary bladder. — The i-.inaty bladder is a large membranous sac 
attached vcntrally to the cloaca, into which it opens. It is distinctly bilobed 
and has a narrow neck by v hioh ii is attached to the cloaca. 

Mechanism of separation of urine. — The blood is brought to the 
kidneys by the renal portal veins and by the renal arteries. These break up 
into a network of capillaries called glomerulus. Each glomerulus projects 
into a doublc-wallcd Bowman s capsule. The glomerulus and the 
Bowman’s capsule togeiher constitute a Malpighian corpuscle. The 
capillaries of the renal portal vein supply the tubules. As the blood 
passes through the glomerulus, the capsule cells filter eff the urea, carbon 
dioxide and excess of water and thus form the urine. The purified blood 
passes onwards tpthe renal veins and^hence to the heart as described above. 
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The urine passes down the urinifeious tubules and reaches the ureters 
From there it flows into the cloaca. As the excretion of urine is a continual 
process but as the cloacal aperture is closed except at defaecauon the uruie 
which drips into the cloaca runs by gravity into the urinary bladder, where it 
is stored until a sufficient quantity has collected for forcible election through 
the cloacal aperture. 



J 


F.o. 69. Diagram .bowing .he rotation of tho Wood o.oittnrioa to .bo urine 
accreting tubules in tho kidney of frog. 

Urine contains water, urea, traces of carbon dioxide and the pigments 
bilirubin and cholesterol. 

Reproductive system 

The reproductive system of the frog consists of the gonads ™ jhc 
reproductive organs, in which the germ ce//s are formed, J 
reproductive ducts , through which the germ cells leave the Wj^ 
are two sexes: individuals of the frogs are either males 
The gonads and their ducts differ in the male and female frogs. 
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The male reproductive organs.-In the male frog the gonads arc 
called the testes. Each testis is a coiled mass of seminiferous tubules , 
along the walls of which the male germ cells— sperms or the spermatozoa 
are produced. It is a pale yellow, oval organ, attached by a membrane called 
mesochorium to the dorsal body wall. It lies ventrally on the anterior 
end of the kidney. Each testis is attached to the kidneys by a number of 
fine tubules called vasa efferentia . The vasa efferentia open into 
the collecting tubes of the kidneys. These collecting tubes in their 



I'i*:. 7‘*. K« I'M .flue tive organs of the male frog. 

turn open into the ureter. The ureter has a bag-like expansion, the 
vesicula seminalis or seminal vesicle. The seminal fluid, containing 
the spermatozoa produced in the testes, passes through the vasa efferentia 
into the collecting tubes of the kidneys and thence by the urctei to the 
seminal vesicle, where it is stored up 'ill required. In the breeding season, 
the male frog climbs over the femal. and sheds his sperms from the cloaca 
over the eggs discharged at il.e v ame time by the female. Thus in the male 
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frog the ureters serve not only for the linage of ihc excretory liquid, but 
also of the reproductive fluid. 1 

In front of the teStes there are paired branched growths, the fat 
bodies . The fat bodies provide a reserve of nutriment for the formation 
of the semen and during the hibernation or aestivation of the frog, when no 
feeding is possible. 
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KlO. 71. Reproductive organs of the female frog. 

The Female reproductive organs.— The gonads in the female frog 
are a pair of ovaries , in which the ova or eggs are produced. The ovaries 
are large during the breeding season but insignificant at other times. Each 
ovary is an irregularly lobed sac, filled with black and white spherical ova. 
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There are no ducts connected to the ovaries. When the ova are ripe, the 
ovary ruptures and the ova escape into the body cavity. From the body 
cavity they reach the outside by a pair of much convoluted oviducts, which 
have funnel-shaped mouth for the entry of the ova near the lungs. 
Posteriorly, the oviducts enlarge to form the so-called uterus. The two 
uteri open close together into the cloaca in front of the openings of the 
ureters. As the ova pass down the convoluted oviduct the wall of this duct 
secretes a jelly-like covering for them. The eggs arc temporarily stored in 
the uteri but the embryo does no? develop in them. At the time of mating, 
the ova pass out into the water through the cloacal aperture. The cloaca 
thus serves not only for the passage of faeces and urine but also of ova and 
sperms. 

/ 

resume; 

Bionomics 

1. Kxccpt in deserts and in the sen, frogs oro widely distributed oil over the 
world. 

2 . They aro backboned animals belonging to tbo class Amphibia und family 

Kanidao. The common Indian frog is liana tiyrina. ^ 

3. Although a frog «•:.!» live both on land nnd in water, yet it is incapable of 
li\ ing wholly in either mci.iuut. 

4. It can tide ovo: <>i (favourable conditions **f weather by aestivating or by 
hibernating. 

External mor oho’ony 

5. Its body is bilaterally tymnet rival. 

fl. The important external •untures of Iho frog aro the flut toned body, tbo 
bulging eyes, slimy nnd moist skin and the powerful hindlegs with webbed toes. 

7. There are no scales, feathers, hairs or external ‘car’ as in higher animals. 
'There is no tail. 

8 . 'I :» • 11 . *h line resonating vocal sacs to servo us '* loud-speakers ", During the 
oreeding s. . - •» hie tl. t: -b swells up enormously. 

. it. 'I iw body o. tbo frog consist. a of several complex or^:.n ►vMoinn, each of which 
** Rpci‘iuli/.cd fvr a particular function. 

Internal morphology 

IU. The rtliinniinry system of the frog begins in the mouth nnd ends in tho 
cloacal opening It consists el tho buccal cavity, pharynx, oesophagus, stomuch, 
intestine and cloaca 

11. The tonguo is tbo most conspicuous ond important organ in the buccal 
cavity. It is attach*! in front but free belaud, so that it enn be shot out to capturo 
tho prey. 

12. The frog does not pos?C8S salivary glands hut there arc mucous glands in tho 
buccal cavity. 

13. Tho frog swallows tho food whole and usually alive, tbo teeth being used 
merely to provent the escape of tho prey. The mucus serves to lubricate the food. 

14. Digestion begins only in tbo stomach, where the protcids are partly reduced 
by th 9 gastiic juice (containing hydrochloric peid and pepsin) to peptones nnd 
proteoses. 
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15. The digestion of proteids is completed in the intestine by the action of 
•4 trypsin of the pancreatic juice and erepsin of the intestinal juice. The end-products 
of proteio digestion are ainino acids. 

1 0 Fats are emulsified by the bile produced by liver and are then converted by 
lipase of the pancreatic juice to colloidal soaps and glycerol. 

17. Water and minerals do not need any digestion. 

18. The digest'd part of tho food is absorbed in the intestine by the blood and 
lymph. The undigested matter passes into the large intestine and is ejected as faeces 
through the cloaca! opening. 

19 . The livor is not a digestive gland but it is closely associated with the ali- 
montary canal. It performs the following functions : 

(») Helps digestion ly secreting bile, which is in the nature oj a waste product , and 

(a) Neutralizes tho acidity of chymo 

(b) Emulsifies fats 

(c) Stimulates peristalsis and 

(d) Acts as antiseptic on the contents of the intestine 
(it) Helps metabolism by 

(а) Dc-nminising tho amino acids of protein digestion 

(б) Removing urea 

(r) Producing glycogen and 
(d) Destroying old blood cells. 

(in) Help* ereretion by 
(a) Separating urea 

* (6) Eliminating toxic substances from the blood and 

(c) Destroying old corpuscles. 

20. The absorbed food is used in 

(i) Counter-balancing tho loss of material 
(ii) Rebuilding 
(iitj Growth 

( iv) Energy-production and 

(r) As reserve store for future use. * 

21. Tho circulatory system servos for transporation of material. 

22. Tho blood contains nucleated orythrocytss and leucocytes in plasma. 

23. It is pumped by a three-chambored heart in a closed system of vessels. 

24. Arteries convey blood from tho heart and include the carotids, systemic and 
pulmonary tranks. 

25. Veins return the blood to heart and include two procavals and a postcaval. 
20. In addition to the long or systemic circulation the frog possesses threo short 

circulations, viz. pulmonary, hepatic and renal portal 

27. Tho lungs are the chief respiratory organs. They arc alternately filled and 
emptied of air by force- pump-1 iko action of the bucoal cavity. 

28. Tho kidneys are tho excretory organs. They are mode of knots of blood 
capillaries surrounded by a capsule that fillets off tho urine. 

29. Tho ducts that curry the sperm from tho testes pass through the kidney*. 
The ureters serve for conducting urine and sperm. 

30 Tho ovaries are not connected to tho oviducts. Tho latter open iuio the 
cloaca. 


CHAPTER IV 


THE FROG 0 Continued ) 

8. SKELETAL SYSTEM 


What is skeletal system. The skeleton forms the framework 
of the body. It gives a definite shape to the animal. It affords support and 
protection to the softer internal organs and also gives attachment to the 



He. i !«-i! of ill.* frrg in «lor<al view in tlio resting p< mum*. Tin- skeleton 

I onus tho framework «•! * b« «ly find gives .1 definite shape to tho nniinal. The axial 


portion of the skeleton com, rises the skull and t lie vertebral column and tbs appendi. 

eulor portion comprises the limbs and ,lie girdles. ( From a skeleton mounted /.,/ Mr. 
1 'tuana'h Sinha, Zoology Mnti, in .St. John'* College, Agra). 
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muscles. The skeletal elements are joined in a system of levers and 
thus enable movements of parts of the body and locomotion of the 
animal. 

The skeletal system of the frog.— The skeletal system of the frog is 
composed of 1. cartilages, 2. calcified cartilages and 3. bones. A cartilage 
is an elastic skeletal structure. It may be twisted and bent but recovers its 
shape when freed. Many cartilages of the frog’s skeleton get a deposit of 
lime and are then called calcified cartilages. Other cartilages arc 
replaced by bones. Bones are also formed from connective tissue or dermal 
membranes. These arc called dermal or membrane bones y in contra- 
distinction to those formed first as cartilages and then ossified into bones. 

Bones consist of inorganic and organic parts. If a piece of bone 
is treated with a dilute acid, the inorganic portion dissolves in the acid, 
leaving behind a flexible tough model of organic matter. When this 
residual tough matter is boiled, gelatin or glue is obtained. When a 
piece of bone is burnt, the organic part disappears, leaving behind a friable 
carihy mass, consisting mainly of phosphates of calcium and traces of 
fluoride and carbonate of calcium. . Many of the long bones arc hollow, 
the cavity being filled with a red bone marrowy in which the red 
corpuscles of the blood arc manufactured. 

The bones arc joined together by connective tissue in such a way as to 
allow free movement at articulations or joints. The bones in the skull 
arc usually immovably jointed together by sutures. Some bones, for 
example those of the backbone, arc articulated with each other permitting 
limited movements. In a joint, the apposed surfaces of the bones arc 
accurately modelled in relation to one another and are covered by cartilages 
to act as shock-absorbing cushions. There is also a lubricating fluid, the 
synovia , between movable joints of bones. 

Parts of the skeletal system of the frog 

The skeletal system of the frog comprises an axial skeletony lying in 
the median longitudinal axis of the body, and an appendicular skeleton, 
constituting the skeleton of the appendages or limbs. 

Axial skeleton.— The axial skeleton of the frog comprises the 
vertebral column or the backbone and the skull. A frog has no ribs. 
The breastbone is considered with the limbs. 

Vertebral column.— The vertebral column of the frog consists ot ten 
bones : nine ring-like bones, the vertebrae , and a terminal rod-shaped 
urostyle. The vertebral column supports the body, connects to the head 
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and limbs and forms a protective covering for the spinal cord (nerve cord). 
It is scarcely flexible in the frog. 




Fin .73. Pare nf ih^ skvl toil I.f fr«v. A. \ «rt. l»rnl i olnn.n i,» c]„r>nl view, 
B. Lrostyle in lateral view, unit tin- anterior end on tl.e left. it re ■i.n-sents n nnml.ci 
of fused cnudul vertebra.**. 


The first and the ninth vertebrae differ markedly from the rest. Any 
of the remaining vertebrae may be considered as a typical one. A typical 
vertebra consists of a short subcylindrical body, the centrum . below. On 
the dorsal surface of the centrum there is a flat bony arch, the neural arch, 
enclosing a hollow space the neural canal, through which the nerve cord 


passes. 
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Except in the firstTtjfihth, and the ninth vertebrae, the centra of the 
rest have a ball-like knob and a corresponding concave depression 




Fio. 74. A. Vertebral column of the frog in ventral view. B The atlas vertebra 
in anterior view. The skull articulates with it. C. The sacral vertebra in posterior 
view. The urostyle articulates with it. 
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anteriorly. The posterior convexity of a verteirfa fits into the anterior 
concavity of the centrum of the next vertebra., centrum of the eighth 
vertebra is concave at both end> n *, e centrum of the ninth vertebra is 
convex anteriorly. Posterior^ j t has two small convex processes which fit 
into corresponding cf^ cave pits i n the anterior ends of the urostyle. A 
vertebra with tkjr centrum concave in front is described as procoelous. On 
cutting^r* 0SS ( hc centrum into two, the remnant of an elastic notochord 
; or d:\orda dorsalis is revealed. The notochord is the primordial axial 
I t kclctal rod, round which the vertebral column develops later. The noto- 
chord occurs in all Chordata. The neural arches of vertebrae arc joined 
together by articulating facets called zygapophyses. The anterior 
zvgapophysis is directed inward and upward, and the posterior zygapophysis 
is pointed outw »!»i and downward. The neural arch of each vertebra bears 
dorsally a backwardly directed spinous process or neural spine. The 
neural spines of the third, fourth and fifth vertebrae are the largest and that 
of the ninth is practically absent. The neural arches have lateral broad, flat, 
projectin'* bony pieces called transverse processes. The transverse 
processes and the neural spines of the vertebrae serve for the attachment of 
muscles of the trunk. 

neural spine 



The transverse processes do not all stand at right angles to the 
vertebral column but often point in various directions. The fourth vertebra 
has the longest transverse process and the seventh and the eight have the 
shortest. The transverse processes of the second and third vertebrae point 
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outward and downward ; those of the fourth, fifth and sixth point upward 
and backward. 

The first vertebra is called atlas , because in man this vertebra bears 
the entire weight of the skull. The atlas of the frog has a very thin centrum 
and a rather wide ring-like neural arch. Posteriorly the centrum bears a 
broad articular head. Anteriorly there are two oval concave articular 
surfaces, separated by a median projection. These concavities receive 




Fig. 76. Skull of tho frog. A. Dorsal view. B. Lateral view. 


the articulating condyles of the skull. The atlas has no transverse 
processes^ 

v- V 
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The ninth or the sacral vertebra unites the vertebral column with 


premaxilla 


vomer- 


exocci 


'W/J foramen magnum 


pterygoid 


A. Ventral view. B. Posterior view 


the hip bones. The 


cen MTi is anteriorly convex and posteriorly has two"V> 
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f small knob- like convexities, close to each other, for articulation with the 
urostyle. The transverse processes are strong, broad and pointed dorsally 
and posteriorly. • 

The urostyle is the last part of the vertebral column. It is nearly as 
long as the rest of the column. It is believed to be composed of a number 
'• of fused vertebrae. It is a rod-like bone with a raised ridge dorsally. It 
is thicker and higher anteriorly than behind. In the anterior end there arc 
two concave depressions which fit into the corresponding convexities of the 
sacral vertebra. The urostyle is hollow anteriorly and encloses the terminal 
part of the nerve cord. 

The skull.— The skull is composed of bones and cartilages It is 
articulated to the atlas vertebra by two prominent convex facets, the 
occipital condyles. The skull is iaige, flat and triangular and consists 
mostly of the massive and wide jaws and the large orbits or the cavities for 
the eyes. It comprises i. a relatively small cranium or the brain-box proper 
2. to which the upper jaw bones are immovably and the lower jaw bones 
movably articulated, 3. the paired sense capsules viz. the olfactory or 
the nasal capsule, the osbit or optic capsule and the auditory or the otic 
capsule and 4. the hyoid or the tongue bone. 

The cranium.— The cranium is a thin lube, partly cartilagcnous and 
partly bony, wider behind than in front. It encloses the brain within. 
Posteriorly the cranium presents a large aperture, the foramen magnum , 
through which the spinal cord within the vertebral column passes to the 
brain. 

Bones of the cranium— The foramen magnum is bounded laterally 
by the exoccipital bones , which bear the occipital condyles. Above 
and below the foramen magnum, the exoccipitals are separated by cartilages. 
The anterior part of the cranium is completed by the sphenethmoid bone. 
This bone is ring-like posteriorly and encloses a cavity, in which the anterior 
part of the brain is lodged. Anteriorly the sphenethmoid is divided by a 
median vertical partition into a double chamber, in which the olfactory 
capsules are lodged. The middle part of the cranium is cartilagenous, but 
the cartilage is covered by membrane bones. The roof of the cranium from 
the exoccipital to the sphenethmoid is completed by a pair of fronto- 
parietal bones. These are flat long bones united immovably by a suture 
in the middle and covering the cartilagenous pan of the cranium underneath. 
They just overlap the sphenethmoid in front. Laterally the outer margins 
of the frontoparietals are curved do*n. In front of the frontoparietal 3 there 
is a pair of subcriangular nasal bones , roofing the cartilage of the olfactory 
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capsule. Ventrally below the cartilagenous floor of the skull, there is a dagger-. 



Vm. 7S. Frontoparietal of tlio fr«*g in dor* >i > i«\v. 


shaped parasphenoid . The floor of the nasal capsule is supported by a 
pair of vomers, which bear the vomerine teeth. 



Fl«i. 79 Squamosal of the frog. 

Posteriorly on either side of the cranium are the auditory capsules. 
The anterior and ventral sides of these capsules are completed by the pro- 
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otic bones. The pro-otic bones lie at ihe sides and in front of the ex- 
occipitals. They protect the organs of hearing. 



Fio. 80. Pterygoid of the frog. 

The upper jaw J>ones--THc upper jaw has a pair of premaxilla 
in front and a pair ot maxilla behind. The 1?wo prcmaxilla: are united 



Fig. 81. Purasphcnoid of the frog in ventral view. 


in front and bear marginal row of teeth. The maxilhe arc elongated, 
curved bones, broad in front and narrow behind and also bear teeth 
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below. The anterior end of the maxilla articulates with the pr< maxilla 
and the posterior end with the quadratojugal. A transverse pair 



of slender palatine bones connect the anterior end of maxilla with the v 
sphcncthmoid. A triradiate or Y-shaped bone, the pterygoid y reaches 
from the point where the palatine unites with the maxilla to the pro-otic. ^ 
The posterior outer arm of the pterygoid is covered by the small 
quadrate cartilage, which gives articulation externally of the lower 
jaw. Above the quadrate lies a T-shaped squamosal or the 
*usp+*sorium. 


I.*' \ 



• The lower iaw or the mandible consists of two bony arches 
united anteriorly by ligament in the middle. Fach arch is composedV 
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of i. a Meckel's cartilage , 2. a mentomeckelian bone, covered by 

supra scapula | 

epjsternum^V^i^ . I I i 


omosiernum 


\ v '"/ coracoid 


roesosiernum 


humerus 


xiphislernum A 


omosiernum 


-mesosternum 

xiphislernum 


Dorsal view of the right of half of the pectoral girdle, tli«- sI i mum: 
'g of tho frog. B. The completo pectoral girdle with tho -t< nmu 


n ventral view 


3 *' angulosplenial inside and below, and 4. a dent ary above and 
outside. The angulosplenial expands posteriorly and forms the head 
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for articulating with the glenoid cavity formed posteriorly by the * 

pterygoid, quadrate and the squamosal. # 

The appendicular skeleton.— The appendicular skeleton is divisible 
into an anterior and a posterior part. Each of these again comprises 
a proximal girdle and a distal free extremity. The anterior girdle 
is called pectoral or shoulder girdle, to which the anterior extremities 
or the bones of the fore limbs are attached. The posterior girdle is 
called the pelvic or the hip girdle ; the hind legs are attached to . 

this. 

Tl:e pectoral girdle.— The pectoral girdle is composed of bones, 
cartilages and calcified cartilages It is intimately and rigidly connected 
vcntrally to the sternum or the breastbone. Dorsally it is not directly 
articulated to the vertebral column but is connected with it by muscles. 

It thus girdles or loosely encircles the anterior part of the body and 
encloses the heart and lungs. It also serves as a support for the 
weight and absorbs shocks, when the frog jumps and lands on the 
ground. It acts as a place of attachment for the fore legs, and for 

the numerous muscles of the trunk. 

Each fide of the pectoral girdle is composed of four elements : 
two above an irregular hollow glenoid cavity and two below. 
Dorsally overlapping the first four vertebrae is the broad, flat, trapezium- 
shaped calcified cartilage called suprascapula It is articulated 
outward and below with a flat, four-cornered bone, the scapula or 
shou’dcr blade. 1 he outer ventral margin of scapula borders half the 
glenoid cavity In the low:; half there is a large stout bone, the 
coracoid. H i> expanded at its ei .Is, but more so at the inner end. 
The outer end articulates with the scapula. The inner ends of the 
coracoids of the right and left sides do not meet in the mid- 
ventral line but arc separated by the epicoracoic! cartilage. In front 
of the coracoid is the precoracoid cartilage , which connects the 
scapula and the cpicoracoid. The cartilagcnous rod is cnshcathcd by 
a bone, the clavicle or the collarbone. 

Sternum.— The sternum or breastbone lies in the midvcntral 
line. The lower ends of pectoral girdle arc articulated with it. It 
_ consists of i. an episternumy a flat semicircular plate of cartilage ; 
2. an omosternum a bony rod ; and 3* a mesosternum> a rod 
of cartilage enshcathcd in bone ; and 4. a broad and often bilobed 
calcified cartilage, the xiphisternum. Between the omosternum and 
mesosternum lie the cpicoracoids of the pectoral girdle. 
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Bones for the fore limb — The upper arm bone is called humerus. 
It has a shaft and two articular surfaces., one at each end covered by 



Km. 8.1 Anpohdiculur skeleton of too frog. A. Radio ul»«. li. Hoiks of tlio 
wrist, pnlm ami lingers of the fore limb. 

cartilage. The proximal articular surface is the head of the humerus 
and it fits into the glenoid cavity of the pectoral girdle The glenoid 
cavity and the head of the humerus thus form a ball-and-socket 
joint, allowing swinging movement of the fore limbs. In the upper hall 
vcntrally on the outer side there is a prominent crest called the 
deltoid ridge , to which the deltoid muscle is attached The distal 
end has a rounded knob, with an internal and an external condyle 
on cither side. The lower arm has two bones, the radius and ulna 
fused firmly and immovably the whole of their length to form a compound 
bone called radio.ulna. The proximal end of the radio-ulna has ;> 
large concavity for articulating with the knob at the distal end »f 
humerus. Beyond the concavity, the ulnar part of the radio-* 
continues as a hook-like olecranon process that forms the elbow. 
Distally there are two articular facets respectively of the radial and 
of the ulnar parts. In man also the lower arm has these two bones 
but they are separate. The ulna takes the main articulation uith the 

humerus and the radius with the wrist. The latter bone can be crossed 
over the former, carrying the wrist with it and thus turn the palm 
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downwards. In the frog these two bones are fused half way to crossing. 
The frog cannot turn its palm upwards. 

There are six small bones in the carpus or wrist of the frog, arranged 
in a proximal and a distal row. The proximal row comprises a radial e 
and an ulnare , with an intermedium in between. In the distal row 
there is on the ulnar side a large crescentic capitatohamatum, which 
articulates with all three bones of the proximal row. On the radial side 
there are two small bones, viz. the trapezium and the trapezoid. 
In the hand there arc five proximal metacarpals , which are joined to 
the wrist. The metacarpals are succeeded by the phalanges or the 
bones of the fingers. The fourth and the fifth fingers have each three 
phalanges, the second and the third have each two. The first or the 
polex has no phalanges but ends in a metacarpal. 



acetabulum 
pubis 

ischium 



acetabulum 


ischium 


Fig. 80.* The pelvic girdle of tho frog. A. Dorsal v.ew. B. Lateral view. 

The pelvic girdle. -The pelvic girdle differs from the pectoral 
girdle in being direedy articulated to the transverse processes of the ninth 
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Flo. 87. Appendicular skeleton of the frog. A Femur. IJ. Tibiolibula. 
C. Humorue. D. Astragalus (tibiale) nnd calcuneura (fibulare). 
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vertebra. It has the shape of an elongated V and comprises three elements : * 
ilium , ischium and pubes . The ilia are a pair of long slender bones, 
articulated anteriorly to the transverse processes of the sacral vertebra 
and posteriorly with the ischium and pubes. The external surface of 
the posterior part of ilia form half the acetabulum , or the 
articular concavity for the leg. The acetabulum is completed by 
ischium behind and pubes below. 

Bones of the hindleg.— The femur or the thigh bone is a long 
cylindrical bone resembling an elongated S. The proximal end has a 
rounded cartilagenous articular head, which fits into the acetabulum. 
The distal end has a larger cartilagenous articular surface, flattened 
above and rounded below. The femur is articulated distally to the compound 
bone tibiofibula . In man there are two separate bones, viz. tibia 
and fibula but in the frog these two are fused together. The proximal 
end of the tibiofibula is longitudinally grooved and the distal end 
is transversely elongated. The tarsus or ankle has a proximal and 
a distal set of bones. The proximal bones are the inner tibiale or 


astragalus or the ankle bone and the outer fibulare or calcaneum 

or the heel bone. The distal tarsais arc two small calcified cartilages, 

the cuboid and the navicular. There arc six toes, the first* being a 

reduced supplementary toe. The innermost of the remaining five is 

the hallux or the great toe. There are five long metatarsals for 

the five toes, succeeded by the phalanges . The first and the secon 

iocs have each two phalanges, the third and the fifth have each three. 

and fourth, which is ihr. longest toe, has four phalanges. 

Comparison of the fore and hind limbs: Tetrapod Pino of Limbs 

The fore and hind limbs of the frog differ in the proportions of the parts 

but are built on essentially the same plan. They hat e corresponding bones : 
Four, l.i m n 


Vpp'T unn 

Lower arm 

Wrivt 

Palm 

Fingers 

// uni crus 

Hind limb 

Had > us ami 
ulna (fused) 

Car /hi' s 

Mclucurjials 

I’ ha! an i)i » 

Thigh 

•Shin 

Ankle 

Sole 

Toes 

Femur 

Tibia and 

HI. til, i 

Tarsal* 

Mclalarsalfs 

Pha’aiifjcs 


In both the cases the proximal segment has one bone. The 
humerus is analogous to the femur. The distal segment has two bones : the 
radio-ulna is analogous to the tibiofibula. The carpals have their 
counterparts in the tarsais ; the metacarpals and the phalanges agree 
with the metatarsals and phalanges. Paired structures like the fore 
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and hind limbs built of identical parts are described as serially 

homologous • • 

Not only the fore and hind limbs of the frog are bu.lt on 

the same structural plan, but the limbs of all land Vertebrates like 
man, horse, bird and bat, are also built of the same identical bones. 
In other words the limbs of the tetrapod (four-footed) Vertebrates are 





essentially alike in having the same bones but differ only in proport.ons .1 the 
different bones. Notwithstanding their specialization, the hands an • 
man have the same structural plan as that of the frog. In different ammals 
the limbs are variously modified for jumping, walking, runn.ng or 
Some animals stand on the sole of their feet, others on their toes amt si... 
others like the horse on the nails (hoofs) of their toes. 
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CONSPECTUS OF THE SKELETAL SYSTEM 

I. Skeletal system is the framework of the body. 

1. It is composed of 
(a) cartilage 

(/>) calcified cartilage and 
(c) bone. 

2. It is divisible into 

(а) axial skeleton and 

(б) appendicular skeleton. 

II. Axial skeleton 

1. Vertebral column 

Nine Vertebrae and urostyle 

First vertebra is atlas ; has no transverse process. 

Ninth vertebra is sacrum ; has two convex knobs posteriorly 
for the urostyle. 

2. Skull 

(а) Cranium 

(б) Sense capsules 
(e) Jaws and 

(</) Hyoid. 

III. Bones of the cranium 

1. Exoccipitals, sphencthmoid, frontoparictals and parasphenoid. 

2. Olfactory capsule : Nasal, vomer. 

3 Optic capsule : pro-otic and 

4. Upper jnv: Premaxilla, maxilla and quadratojugal attached to 
cranium by palatine, pterygoid, quadrate and squamosal. 
Lover jaw : Mcntomeckclian, Meckel’s cartilage, 
demary and angulosplenial. 

IV. Appendicular skeleton 

1. Girdles and 

2. Free extremities. 

(a) Pectoral girdle : Suprascapula and scapula above, 

/ Precoracoid, clavicle and coracoid below. 

('') Pelvic girdle : Ilium, ischium and pubes 
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(c) Free extremities 

Fore limb : humerus, radio-ulna, carpals, 
metacarpals and phalanges. 

Hind limb : femur, tibiofibula, tarsals, 
metatarsals and phalanges. 


9. MUSCULAR SYSTEM 

commonly also called “flesh”, 
lotion. These movements are o 
the skeletal and muscular systems. 


Muscles. - 
about motion 
of co-operation 


unstriped muscle fibre 


muscle 


cardiac muscle 

Flo. 89. Fibres of the three kiuds of muscles of the frog, 

by “contracting”, i. e., suddenly shortening in 
in thickness. They thus change their shape !■ t 
■n they contract. In order to be able to contract .n a 
y consist of bundles of elongated fibre-like cells, 
attached by tendons at their two ends to bones. 
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tion of the muscle causes a "pull” at one end. The fixed end is 
described as the point of origin of the muscle and the end which 
moves is the point of insertion. Muscles also serve to give the 
characteristic posture and attitude to animals. They cover and protect 
important internal organs. 

Muscles are of three kinds: i. smooth muscles, 2. striated 
muscles and 3. cardiac muscles. The smooth muscles are also called 
involuntary muscles, because they occur in the walls of such organs 
as stomach, intestine, etc., which are not under the control of the will 
power of the animal. The striated muscles are also called voluntary 
muscles, because they are under the control of the will. The fibres 
of these muscles appear transversely striated when viewed under a 
microscope. They are mostly the skeletal muscles that are attached to 
bones and produce movements and locomotion. The cardiac muscles 
belong to the heart and are also striated but are not under the control of 
the will. 

Muscles never pv*h but always pull. The bending of the arm 
for example is brought about by the contraction of the biceps muscle 



is 


F !«;. " , 0. Mium-Sos m;v*r hut always pull. The bonding of the arm 

^ V t "' *•* «;on of 1 he biceps muscle but the extending of the arm 

pulir.hc „n.. ■ Z,‘ P " S !0t ’- A "° ;, ’ Cr «"> <, PP° silr *riceps- 


on the inner surface of the upper arm (Fig. 90). The straightening 
of the arm is not caused by the relaxing and pushing of this muscle 
but by the contraction of another muscle on the opposite side. Muscles 
thus form antagonistic groups : 
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* 1. Flexor bends one part against another. . Example : biceps, 

which bends the fore arm towards the upper arm. 

Extensor extends or straightens out the part bent by the flexor. 
Example : triceps, which straightens the fore arm. 

2. Abductor moves a part away from the axis of the body. 
Example : the deltoid muscle which swings the foreleg outwards. 
Adductor pulls the part towards the. body.- Example: 
lalisdmus dorsi. 

Depressor lowers a part. Example: mandibular d< pressor 
opens the mouth by moving the lower jaw downward. 

Levator raises the pan. Example: maestter, which closes 
the mouth by raising the lower jaw. 

4. Rotator rotates a part. Often an inner and an antagonistic 
outer rotator present. 

5. Constrictor constricts an opening. Example : Sphincter 
muscle which closes the anal opening. 

Dilator expands a circular opening. 

, Superficial muscles of the frog.-Therc arc many hundreds of 

muscles in the body of the frog. The more important of these arc shown in 
figure 91. 

Od the ventral surface of the head is the submaxillaris muscle, 
which forms the floor of the buccal cavity. It is important in swallowing 
food and in depressing the floor of the buccal cavity in respiratory movements. 
Dorsally on the head is the temporalis muscle. It takes its origin in the 
pro-otic bone, passes beneath the squamosal and is inserted on the angulo- 
splenial. When it contracts, it elevates the lower jaw. The deltoid 
muscle arises from the clavicle, precoracoid, omosternum and scapula and 
is inserted on the deltoid ridge of the humerus. Its contraction draws 
the fore limb forward The biceps or the sternoradialis muscle 
arise® from the omosternum and epicoracoid and is inserted on the radio- 
ulna. Its contraction bends the fore arm. The triceps brachii extends 
the fore arm. The pectoral , rectus abdomins obliquus externus 
and latissimus dorsi are other muscles found on the trunk. In the 
thigh the sartorius muscle arises from the ilium and is inserted on the 
head of tibia. Its contraction pulls the hindleg forward ventrally. The 
’ triceps femoris pulls the whole hindleg forward. The gastrocnemius 
is a very important muscle in the hindleg of frog. It arises mostly from the 
femur and terminates in a strong tendon called tendo Achilis, which 


* 


^oralis \ latissimus dorsi 
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spreads oi't on the sole of the foot. When this muscle contracts, the foot is 
ixtendcd and the auide i*. flexed. 


Fig. 91. Superficial muscles of the frog in lateral view. 
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10. NERVOUS SYSTEM 

Definition and function.-The nervous system is essentially a 
conducting mechanism, which has often been compared to a telephone 
system. The various organ systems of the frog which have been 
described so far do not operate entirely by themselves and independently of 
others. They all work not only together but also in a co-ordinated manner. 
This control and co-ordination is brought about by the activity of the nervous 
and endocrine systems. The endocrine system brings about chemical 
regulation and will be described in the next section. The nervous system 
receives stimuli of various kinds, transmits nerve impulses to the central 
office— the brain— for interpretation, decision, adjustment and relay to the 
proper destinations. The nervous system therefore serves two purposes : 
1. it co-ordinates the activities of different parts of the body, 2. it enables 
the animal to perceive the external world and respond to.external stimuli. 

Units of the nervous system. The unit structure of the nervous 
system is the nerve cell or neuron. Like all the other cells of the body 
a neuron consists of a nucleus and cytoplasm. From the cell body extends 
two kinds of cytoplasmic processes of the neuron : dendrons and axons. 
The dendrons, also called dendrites, arc branched cytoplasmic processes of 
the nerve cell. There are usually several such processes to a neuron There 
is only one axon to a neuron Axons are often very long and usually not 
branched in the manner of dendrons. The dendrons and the axons 
are the conducting wires for the nerve impulses The direction of 
conduction of these impulses in these processes is definite. The dendrons 
always conduct the impulses to the neuron, while the axons always convey 
the impulses from the neuron outward. The axon of a neuron may end in a 
gland or in a muscle. It may also lie in contact with the dendron of 
another neuron; this contact is called synapse. A synapse enables the 
impulses received by one neuron to be relayed on to another. A bundle of 
axons and dendrons or of both, bound together by insultating connective 
tissue sheath, is a nerve. A nerve is thus merely a bundle of insulated 
conducting tissue connected to the nerve cell. The axons and dendrons thus 
constitute nerve fibres. A nerve composed entirely of dendron fibres 
conveys the sensory impulses from different parts of the body to the central 
neuron; it is a sensory or an afferent nerve. A nerve made wholly 01 
axon fibres conveys impulses to some outlying part of the body and is m 
efferent nerve. Most efferent nerves end in a muscle and the result ot the 
impulse they carry is a muscular contraction and movement. They arc 
f therefore also called motor nerves 
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The outer endings of the sensory nerves are the receptors , which 
receive the sensation of a stimulus. The nerve is the conductor of this 
sensation to the adjustor. The adjustor now sends out a response along 
the motor nerve to the effector , which mny be a muscle or some such 
organ. Receptors are of various kinds : chemical receptors for smell and 
taste; mechanical receptors for touch and sound; light receptors for sight and 
so on. 
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I.. !i*n» in ventral view. The autonomic system 


Parts .f ; • 'if-vous system- — The parts of the nervous system 
o' the frog »> tc*" ral nervous system the peripheral nervous 

•./.stem and the .i»itono«uc nervous system. 

fhc centi.il nervous system of the frog comprises the brain 
and the spinal cotd. fhc peripheral nervous system includes 
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cranial nerves and spinal nerves which connect respectively the 
brain and the spinal cord with various organs ; and autonomic nervous 
system controls the involuntary activities of the visceral organs. 

Brain. The brain is the great co-ordinating and adjusting centre 
of the body. It is composed of grey matter on the outer surface and 
white matter inside. The brain is not solid but encloses cavities called 
ventricles of the brain. It is protected by two membranes: an outer 
dura mater and inner pia mater. The dura mater closely adheres 
to the cranium. The pia mater is relatively deeply pigmented and 
adheres to the brain. It is richly supplied with blood capillaries. 1 he 
interspace between these membranes is filled with the cerebrospinal 
fluid. The ventricles of the brain are also filled with same fluid. 

The brain comprises i. prosencephalon or the’ forebrain, 
2. mesencephalon or the midbrain . and 3. rhombencephalon or 
the hindbrain. The forebrain itself consists of a telencephalon 
and thalamencephalon or diencephalon. The telencephalon shows 
two distinct divisions: anterior rhinencephalon or the olfactory lo cs 
and posterior cerebral hemispheres or the great brain. The olfactory 
lobes arc the anterior-most part of the brain and are two elongated 
rounded bodies, directly continuous behind with the cerebral hemispheres 
but distinctly demarcated from them by a depression. They are the centres 
for the sense of smell. The cerebral hemispheres are concerned with 
voluntary motion, intelligence and memory. They ate the seat of mind. 
In the frog however they are relatively small and their removal by a 
surgical operation is not fatal to the frog. The telencephalon is dorsally 
cleft by a median longitudinal fissure into a right and a left half. 

DIVISIONS OK THE BRAIN 


Eneophalon 

(Bruin) 


I. 


II. 


III. 


Prosencoplmlon 
(Anterior 
cerebral vesicle 
Prim »ry fore- ■ 
bruin) 


Mesencephalon 
(Middle cerebral 
vesicle 
Primary 
midbroin) 

Rhombencephalon 
(Posterior 
cerebral vesicle 
Primary hind- 
brain) 


Toloncopholon 

(End-brain) 


Diencophalon 
(Inter-brain) “ 


Corpora bigemina 
(Optic lobe) 

I — Metencephalon 
(Cerebellum) 

' — Myolencephalon 
(Medulla 
oblongata) 


— Olfactory lobo 
(Rhinenccplmlon) 

Cerebral hentisphere 

—Telencephalon 

medium 

—Mamillary portion 
of hypothalamus 
I— Thalamencephalon 
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The thalamcncephalon is a depressed region of the brain. It includes 
the optic thalami, infundibulum and pineal body. The lateral 
walls of the thalamenccphalon are thickened into the opticthalami ; 
the floor and roof remain comparatively thin. The cavity thus enclosed 
is called the third ventricle of the brain. The floor of the third 
ventricle is produced ventrally into a conical infundibulum. It is 
connected below and behind to a reddish hypophysis. The 

infundibulum and the hypophysis constitute together the pituitary body. 
The pituitary body has many important functions, which will be discussed 
in the section on endocrine organs. The rcof of the thalamcncephalon 
is produced into a fingcr-like pineal body. The pineal body occurs 
in all the Craniata and represents a lost median eye. It is located by 

the brow spot on the surface of the head. In fiont of the pineal 

body there is a richly vascular anterior choroid plexus, the blocd 
capillaries of which bring the nourishment to and carry away the 

wastes from the brain. 

The midbrain. The midbrain is the widest part of the brain. It 
comprises dorsally a pair of large ovoid swellings, the corpora bigenmia or 
the optic ini 'l he floor of the midbrain is called crura cerebri. The 
optic lobes arc eo.ittcc'ed to the eyes, which arc concerned with the sense of 
sight. 

The hindbrain —The hindbrain is continuous with the midbrain. 
It includes i. metcncephalon or cerebellum and 2. my el encephalon 
or the medulla oblongata. The mctenccphalon or the 4 T.tt,’.' brain” lies 
behind the optic lobe:. It is quite small in the frog and. forms the 
roof of the hi ..ihtain. r. the centre for equilibrium and co-ordination of 
movements of parts of the body. 

Vhc my vl;:n. . y »t dor is the hind-most part ol the brain and it gradually 
merges into the spiral cord behind. It is wide in front and tapers behind. 
Its floor and sides are thick but dorsally there is deep broad triangular 
depression, the cerebellum forming the base of the triangle. This depression 
is the fourth ventricle of the brain. It is roofed over by a thin highly 
vascular membrane, the posterior choroid plexus. The medulla 
oblongata receives stimuli from the viscera through the autonomic nervous 
system. It regvil. '•> the unconscious or automatic activities like heart-beat, 
movement of iu. gs, etc. It also controls the peristaltic movements of 
the alimentary canal md the action of the glands. If the rest of the brain 
c ! i he frog is cm eft by surgicai operation, leaving only the medulla 
oblongata, the frog continues 10 live, breathe and swallow any food placed in 


olfactory lobe- 
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Cavities of the brain. -There are four ventricles in the brain. 
The first ventricle is the cavity of the right cerebral hemisphere. The cavity 
of the left cerebral hemisphere is the second ventricle. The first and second 
ventricles are together often called the lateral ventricles. A T-shaped 
canal, the foramen of munro, connects the two lateral ventricles with the 
third ventricle, which is the cavity of the diencephalon. The third and the 
fourth ventricles ate connected together by the sylvian aqueduct, which 
also joins the cavities of the optic lobes. 

Spinal cord-— The medulla oblongata of the brain continues posterior- 
ly as ihe spinal cord. The spinal cord passes out through the foramen 
magnum between the cxoccipital bones It runs through the neural canals 
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r»f —iKbruC into the urostvic. The brain and the spinal cord arc 
Oiu * l * » minuc ; the brain is really the enlargement of the anterior 
,iv.i of die spina! cord. It is likewise covered by dura and pia mater. Like 
;ik b. : n. the spinal cord is also composed of grey and white matter but 
in the spinal cord the white matter is on the outer surface and the grey 
mallet deeper within. The spinal cord encloses a central canal running 
from the posterior end to the anterior and communicating with the fourth 
ventricle of the brain. The spinal cord is not perfectly circular in cross 
section but is somewhat flattened dorso-vent rally. It is not uniform in 
thickness but presents an anterior enlargement in the second and third 
vertebrae and a posterior enlargement in fifth and sixth vertebrae. It is 
reduced beyond the seventh vertebra to a line slender thread, the filum 
tt.minale in the urostylc. 
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Dorsally and ventrally the spinal cord is deeply fissured by the median 
longitudinal fissures. The dorsal fissure is well marked in the middle. 
The ventral fissure is well marked nearly throughout but both the fissures 
disappear in the hinder part. 

The spinal cord is the great “highway” for most nerve impulses. It 
conducts impulses to and from the brain. It also acts as a “reflex centre”. 

Peripheral nervous system— The Peripheral nervous system connects 
various parts of the body with the spinal coid and the brain. It comprises 
eleven pairs of cranial nerves and ten pairs of spinal nerves. The cranial 
nerves communicate with the brain directly. The spinal nerves communi- 
cate with the spinal cord. 

Cranial nerves.— These arise from the brain and all except the last go 
to the sense organs. The last cranial nerve supplies nerve branches to the 
viscera. For a long time it was believed that there are only ten pairs of 
cranial nerves in the Amphibians. These were numbered one to ten with 
roman numerals and were also given special names. Recently however an 
additional nerve, anterior to the first pair, was discovered in many fishes and 
all Amphibians. To avoid confusion, this nerve is numbered zero and is 
called the terminal nerve , thus retaining the same number and names for 
the remaining as of old. The terminal nerve goes to the nasal chamber and 
is believed to be a sensory nerve. The first pair, the 0/ factory nerve, arises 
from the anterior end of the olfactory lobes of the brain and runs to the nasal 
chambers The second pair is the optic nerve. The optic nerve arises 
beneath the optic lobes. Each optic nerve runs forward and inward to meet 
in the optic chiasma in front of the infundibulum. Here most of the fibres 
of the optic nerve cross over to the opposite side, so that the eye of the right 
side is connected with the left optic lobe and the left eye is connected with 
the right optic lobe. They enter the inside of the eye and spread out into a 
network called retina or the light sensitive inner layer of the eye. They 
arc sensory nerves that convey the sensation of light to the brain. The 
third pair is the oculomotor nerve, which arises from the midbrain and 
supplies the muscles which rotate the eyes. The fourth, called pathetic 
or trochlear nerve, is also a motor nerve going to the muscles of the eye. 
The fifth pair or the trigeminal nerve is the largest of the cranial nerves 
of the frog. It arises anteriorly from the medulla oblongata, passes forward 
and outward and swells into a prominent gasserian ganglion before 
coming out of the cranium. It then divides into two branches : the 
opthalmic nerve and mandibulo. maxillary nerve. The former goes 
between the cranium and eye ball and supplies branches to the nose and skin 
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sixth or the abducens is a motor nerve going to the muscles of the eye ball. 
The seventh, facial, is a sensory and motor nerve and arises from the 
medulla oblongata behind the trigeminal. It runs forward to unite with the 
gasserian ganglion and then runs close to the mandibular branch of the 
trigeminal and divides into a palatine nerve to the roof of the buccal 
cavity and a hyomandibular nerve. The auditory nerve is the eighth 
pair. It is a sensory nerve arising from the medulla oblongata behind 
the seventh and going to the otic capsule and suppling the organ of 
hearing. It conveys the sensation of sound. The ninth, called the 
glossopharyngeal, arises behind the auditory nerve and supplies sensory 
and motor branches to the tongue and pharynx. The tenth is called 
vagus or pneumogastric nerve. It sends complicated branches to the 
pharynx, larynx, oesophagus, heart, lungs, etc. 

Spinal nerves — Ten pairs of nerves arise from the spinal cord and go 
to the trunk and limbs The first spinal nerve is the hypoglossal, which 
passes out of the vertebral column between the atlas and the second vertebra, 
and runs forward to the root of the tongue. The second or the brachial 
is a stout nerve coming out of the vertebral column between the second and 
the third vertebra. It passes outward to the forelegs after giving off branches 
to the pectoral girdle. The third spinal nerve joins the brachial. The fourth, 
fifth and sixth pairs of spinal nerves supply the muscles of the trunk. The 
seventh, eighth and ninth run back and unite together into a stout trunk, 
with which the tenth also joins and thus from the sciatic nerve. It is the 
stoutest nerve in the body of the frog and runs into the hind legs, giving 
off branches to the leg muscles. 

Each of the spinal nerves arises by a dorsal sensory and a ventral 
motor root. The dorsal root has a ganglionic enlargement but the ventral 
root is without one. The two roots unite to form a single nerve before 
coming out of the vertebral column. 

BracLial and sciatic plexuses. — A plexus is a network of branches 
from several nerves. The brachial plexus is formed by the branches of th< 
first, second and third spinal nerves. The sciatic plexus is formed by 
branches from the seventh, eight and ninth spinal nerves. 

The autonomic nervous system.— The autonomic nervous ystein 
consists of chains of ganglia on either side of the vertebral column, 
prcvcrtcbral plexuses and peripheral ganglia in various parts of the body. 

It regulates the working of the heart and other visceral organs, the 
movements of the involuntary muscles, the muscles of the blood 
vessels, etc. Most organs receive a double set of nerves of this system : 
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one set accelerates and the other inhibits or retards the activities of i 
• the organ. 

The chain of ganglia are connected by longitudinal cords and each 
ganglion is further connected with a spinal nerve by a ramus commu- 
nicans. The first pair of ganglia lies on the hypoglossal nerve. The 
second ganglion is the largest of the series. It is placed on the brachial 
nerve It is connected to the spinal nerve by fine fibers The third is fused 
with the second The succeeding ganglia lie on either side of the vertebral 
column and at about the level of the sixth vertebra follow the course of the 
dorsal aorta. From this region the rami communicantes are long. 

The ganglia send out numerous branches which divide and subdivide 
and form an interlacing network of plexus. A cardiac plexus is formed 
by the nerves from the first ganglion and lies on the auricles. The solar 
plexus is formed by the branches from the third, fourth and fifth 
and is located dorsally on the stomach. Anteriorly the ganglia communicate 
by a branch with the vagus nerve The autonomic nervous system is thus 
not an isolated system but is imtimatcly connected both with the spinal 
cord and brain. 

Nervous system in action. — For the action of the nervous system at * 
least two neurons are involved. One neuron is called a sensory neuron, 
because its dendron brings in a sensory impulse of some kind, for example, a 
pinprick on the ikin of the finger. The axon of this neuron is in synapse 
with one of the dendrons of another neuron, which is called a motor neu- 
ron. The impulse now passes from the receptor through the sensory 
neuron, out of it bv i‘ic axon and to the motor neuron by way of the synapse. 

It docs noi end here. It continues through the motor neuron and into the 
axon .*f this neuron. This axon may end in a muscle of the finger. 
When this impuN* now arrives in the effector, i.e. the muscle, the latter 
com nets and the n:>;cr is withdrawn. The sensory impulse has thus been 
reflected so to 'peak by the neurons down the motor nerve, resulting in an 
automatic mutch contraction Such an immediate involuntary response to 
a sensory Ntimuius is called reflex action. The path travelled by the 
impulse io tailed a reflex arc. The synaptic connection between the 
sensory sad motor neurons lies in the spinal cord. Nerve impulses 
always pass across a synpasc only in one direction, thus avoiding 
confusion. Nerve impulses travel in the frog at a speed of 27 metres 
per second. The cell bodies of the sensory neurons are also located 
in the brain and spinal cord. The sensory neurons are connected by 
intermediate neurons with motor neurons, so that there is complete 


5 



THE FROG AS A TYPE OF ANIMAL 


x 39 

► co-ordination. Reflex actions therefore arise in the spinal cord or in 
the brain. Reflex movements are not so simple as the one described above 



Fig. 96. Simplified diagram of the spinal rord of frog, showing tl»c fluti n of the 
neurons involved in a simple reflex action. A simple reflex arc. 
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by way of an example, but may involve movements of the entire body and 
secretions of glands. A pinprick if severe, for example, causes only the 
movement of the finger and perhaps also the flow of tear but a sudden and 
loud explosion makes the entire body start. Common examples of reflex 
actions arc numerous and are all automatic, that is they are not concerned 
with the will power. 

There are two types of reflex actions : the unconditioned reflex 
and the conditioned reflex. The withdrawing of a finger at a pinprick, 
the sudden fright at the sight of a snake, the winking of the eye at sudden 
approach of an insect, etc., are some of the common examples of the 
unconditioned reflexes. Most of the actions of the frog are of this type. A 
frog automatically snaps with its tongue any moving object, hops away at 
sight of danger and docs miny other things purely by reflex impulses. The 
will power of the frog is not at all involved in most of its activities. People 
often call such actions as instinct in the case of animals and as habit in 
the case of man. 

A conditioned reflex is an action which has been so often repeated that 
it becomes a habit Pavlov, a Russian physiologist, showed that if every 
time food is offered to a dog and a bell is rung, after some time the flow of saliva 
(watering of ihc mouth!) will take place even if the bell is rung but no food is 
offered The watering of the mouth has been repeated so many times for 
the bell-ringing, that it has become a habit with the dog, so that sound of 
the bell alone automatically makes the mouth water, though there is no food 
in sight. This 's * ondh.ioncd r flex. A conditioned reflex leads to learning 
by trial and e:r<T ' earning i'* modification of behaviour by previous 
cxpcr-cncc. \ 1 og car-, earn after many failures and trials, sometimes a 
hundred attcn;$ tioiu ’.. ill make it change its action. 

Rec«!ptor» : o«*g»»:s of special sense.— Sense organs are specialized in 
their • useeptib i«» . particular kind of stimuli, for example, the tactile, 
pain, warmth, co!d. i.b micsl (taste and smell), sound, light and gravitation 
(equilibrium). 

The tactile organs of the frog arc the nerve plexuses of the skin, 
touch spots of Merkel, touch corpuscles of the tendons, etc. The 
organs of taste arc not confined to the tongue alone but also occur on the 
roof of the buccal cavity near the vomerine teeth. These comprise the 
filiform papillae and fungiform papillae The former arc conical 
structures and the latter are large and broader at the tip than at base. They 
arc supplied with blood capillaries and nerve branches. The olfactory sense 
organ is the nasal cavity, which consists of three chambers lined by sensory 
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mucus. A frog uses the power of smelling not merely for judging the 
suitability of food but also perhaps in avoiding enemies. 

The eye is the organ of sight. The frog’s eyes are very much like 
those of man in their structure. They lie in the large orbits and are 
prominently situated on the head Each eye is so placed that it 
covers different fields of vision, so that a frog docs not see things exactly as we 
see them. Frogs do not thus have binocular vision. They cannot 
therefore judge distances of the objects they sec The eye of the frog is 
however well adapted for detecting movements. 

Each eye is rotated by six muscles that arc attached on its outer 
surface : 1. rectus inferior, 2. rectus externus, 3. rectus internus, 4. rectus 
superior, 5. obliquus inferior and 6. obliquus superior. 
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F 10 . 97. Dingrom of voriicnl section through th© eye of frog. 

The eye is analogous to the photographic camera. It is essentially a 
light-proof box with a biconvex lens to form an image of the object 
on a light-sensitive screen. The eyeball is composed of three coals. 
The outer is the sclerotic coat composed of tough cartilage and 
dense white connective tissue. In - front it is continuous with a 
transparent cornea, which permits light rays to enter the lens behind. 
Beneath the sclerotic coat lies the choroid coat, which is lich in blood 
capillaries and contains a black opaque pigment so as to exclude all light 
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except that passing through the cornea and thus make the cavity of the eye-, 
ball a light-proof chamber. The innermost coat is retina , which is the light- V • 
sensitive surface of the eye. The retina is connected to the optic lobes of 
the brain by the optic nerve. .It is composed of several minute 
layers, of which an outer pigmented and an inner thicker one are important. 

In the latter are the rods and cones. The rods form colourless sensa- 
tions in dim light and the cones are sensitive to bright light and 
colours. Behind the cornea, within the eyeball cavity, there is a pigmented 
disc, the iris with a central opening, the pupil. The iris is provided with 
circular and radial muscle fibres by meins of which the pupil can be dilated 
or contracted to let in more or less light as required. Behind the pupil is 
the almost spherical lens , which focusses the image of objects on the retina 
The lens of the frog’s eye cannot change its shape or its distance from the 
retina as in the case of man, so that the frog’s eye is a ‘ fixed-focus box 
Brownie camera”. The space in front of the lens is filled with a watery 
liquid called the aqueous humour and that behind it with a glass-like 
vitreous humour. 

The frog’s auditory organs comprise the tympanum , the middle 
car and the internal ear or the membranous labyrinth. The 
tympanic membrane externally covers the tympanic cavity. This cavity is a 
funnel shaped passage bounded above and below by the squamosal bone. 
The cavity communicates with the buccal cavity by the wide short 
eustachian tube y so as to equalize the pressure of air on both sides of the 
ear drum n r. \ thus prevent bursting of the drum on sudden explosions. In 
the tympana •* .vtty lies a rod of bone, the columella auris y the outer end 
ot which i> c.u a hod »o inner surface of the tympanum and the inner end 
10 the inner cat. 

The it'tcrn.fl .*i consists of a membranous structure floating in the 
perilymph fluid within a cartilagenous cavity of the otic capsule. 

The membranous sac is filled with endolymph. It comprises an upper 
larger utriculus «md a lower smaller sacculus . The sacculus has a tube, 
the ductus endolymphaticus opening into it. The utriculus gives off 
three semi-circular canals : I. the anterior median vertical, 2. posterior 
transverse vertical at right angle to each other and 3. the median horizontal. 
Thus the three semicircular canals arc at right angles to each other in three 
different planes. All the canals open into the utriculus at both ends 
but each forms an ampulla only at one end. The otic capsule is closed off 
by a membranous inner drum, which is connected by the columella to the 
tympanum. Vibrations of sound in the air set up corresponding vibrations 
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in the tympanum. These vibrations are conveyed through the columella 



v to the inner membrane. The vibrations of this membrane become 


Flu. 98. The membranou* labyrinth of the internal ear of frog. A. Inner view. B. Outer view. 
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transferred to the endolymph as changes of liquid pressure. * The 
auditory nerve sends out branches into the endolymph within the 
utriculus, ampulla, etc. Their cavity is thus lined by sensory hair-like 
processes, to which often calcareous crystals or concretions of calcium 
carbonate become attached. These hairs convey through the nerve- 
endings the sensation of changes of pressure in the endolymph to the 
myelcnccphalon, from which the auditory nerves come out. The brain in- 
terprets these sensory impulses as sound . It is only the sacculus which 
serves to receive sound vibrations. The semicircular canals have another 
important function to perform. Being arranged roughly at right angles to 
each other in three different planes, they have the function of perceiving 
changes in the direction of gravitation brought about by the moving of 
the frog. They thus serve in maintaining the equilibrium, in other words, 
they are static organs. 

II ENDOCRINE SYSTEM 


The endocrine system of organs arc agents of chemical co- ordination. 
Endocrine glands have no special ducts to convey their secretions, the 
hormones, to a particular organ. Their secretions are discharged into 
the blood stream and thence into the general circulation of the body and 
thus reach all parts. They are therefore called ductless glands or 
also internal secretion glands in contradistinction to the ordinary ones, 
which pour their sea* lions outside by ducts. 

The endocrine wy.j: c . slv.re with the nervous system the function of 
co-ordinativ n. :"r bring aheut this by their hormones. Hormones, 
though rek:--cii into iih ••.•/.era! circulation, have specific action on certain 
oigai * oniy. ’! hcv : tY * tv vinuions of the various parts of the body 
and ako 01 < .«.r chi. a- The endocrine organs are therefore 

a aor c 1 ‘ .hi-'* :k:.. ni d -directorate general” of the body. They arc 
resposvi.c m.^worphosis of the tadpole into the frog, for the 

comre M many visceral organ*, behaviour of the animal, etc. 

the -oil owing cndct inc ulards arc found in the frog: i. pituitary, 
2. thy r * V. j. irivm*«s 4. V.icnal, 5. pancreas and 6. gonads. 

Tii. •>" • - ir uuitary body is 3 blunt triangular outgrowth of 

the floor oi v vi'n ' comprises the infundibulum and the hypophysis. 
The pituiu y . the natural colour of the frog and also enables 

u to change it. colour 10 suit background. It regulates the intake of 
A'^tcr by the >V.in. It brings about the metamorphosis of the tadpole 
;.:.j the frog. It produces several hormones. In man for example 
cxv vc secretion of the pituitary hormones causes gigantism and 
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such men grow to 7 or 8 feet high. Under production of the hormones gives 
rise to obesity and dwarf ness. It leads to arrested sexual development. 

A pituitary hormone also controls the secretion of milk in females of Mammals 
The growth and activity of the thyreoid and adrenal glands are stimulated 

by pituitary hormonens. 

The thyreoid. -The thyreoid gland is. situated behind the hyoid 
cartilage. It produces a hormone called thyroxin. Thyroxin contains 
nearly 65% iodine. It regulates general metabolism. Removal of the 
thyreoid prevents metamorphosis of the tadpole. Thyreoid secretion 
also stimulates the development of the skeleton. In man the gland 
deficiency leads to cretinism or idiocy. Cretins are dwarfs with- 
out proper sexual and mental development. They are often deaf-mutes 
and always idiots. 

The thymus. -The thymus is situated on each side of the angle 
of the jaw below th: mandibuler depressor muscle and behind the 
tympanic membrane. The thymus secretion stimulates the growth of 
the young tadpole of the frog and often causes them to grow to unusually 

enormous sizes before metamorphosis. 

Th> adrenals.— These are narrow yellow glands located on the 

ventral surface of the kidneys and arc also called suprarenal glands. 
They produce a hormone called adrenalin, which regulates blood 
pressure, mucular tone, etc. If these glands are removed by a surgical 
operation, the frog will die. 

The pancreas -The pancreas not only produces the pancreatic 
juice already referred to but also a special hormone called insulin. Insulin 
is secreted by special groups of cells called the islets of Langerhans. 
The presence of insulin is essential for the proper storage of glycogen 
in the liver. In man the absence of insulin causes diabetes. 

The gonads — The testes and ovaries produce certain hormones 
responsible for the development of secondary sexual characters, e. g„ 
the vocal sacs and finger pads of male frog. 

12. HISTOLOGY OF THE FROG 
The Cell 

' Cell, the structural unit — The ultimate structural unit ofth. 

of the frog, as of all animals and plants, is the cell. Cells were In- 
discovered by Robert Hooke in 1665 when he examined a piece - 
cork under the microscope. In 1839 a German biologist Theodor Sciiu an 
showed that all parts of all animals and plants are composed o! 
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This generalization is called the cell theory. According to this theory the 
cell is the fundamental structural and physiological unit of living organisms. 
Some animals are single cells, others comprise many cells. In the 
multicellular animals the life of the animal as a whole is the combined life of 
its individual cells. Thojcells arc integrated for proper functioning. All 
multicellular animals begp their life as a single cell, which grows, repeatedly 
divides and thus gives rise to the manifold kinds of cells that compose the 
complicated organs of the body of the animal. The cell was defined by a 
Garman cytologist Schulze as a corpuscle of protoplasm with a nucleus. 
It is a mass of nucleated protoplasm enclosed in a membrane. Most cells 
are minute but some like the nerve cell (neuron) are often several 
feet in length. The largest cells arc the yolks of large birds like the ostrich. 

Animal cell. — A typical animal cell is bounded by a delicate 
elastic cell membrane. Beneath this membrane is a plasma membrane. 

1 he plasma membrane encloses viscous cytoplasm or cell protoplasm. 
Near the nucleus is a centrosome, in which occur some centrio/es. 

1 here are often cytoplasmic inclusions like Golgi bodies, mito - 
chondria . vacuole s, etc. The golgi bodies arc believed to be concerned 


with the secretory activity of the cell. Mitochondria are granular, 
rod- like or thread-like bodies. Vacuoles are filled with liquids or 
gases. I he nucleus is uvually globose or oval and central in the cell. 


It is bounded by a nuclear membrane. There is a nuclelous 
m the centre ol the nucleus. The nucleus is composed of nucleoplasm. 
Delicate threads of linin form a net-like structure in the nucleoplasm. 
Chromatin granules arc scattered along the linin meshwork. The 
V granules arc merely the thickened parts of continuous linin 

thread. The nucleus is the most important part of the cell; there 
cannot be :: •*.’! ■* theut a nucleus. Protoplasm cannot exist in the absence 
of hlJcus and nuclvu- also cannot have existence without cytoplasm. 

G .\h: it :K metabolic activities of locomotion, nutrition, 
grt/Ntr amt respiration. They reproduce by dividing into two, each 
part idling Into a matore cell. Cell division results in increase in 
•he number ol cells. There is thus a multiplication of cells. This 
leads to die growth of the animal as a whole. Cell multiplication also 
results in iHsdy repair. Dying cells arc continually replaced by new 
cciis. Most cells that compose the body have a definite life. Cells die 
daily and daily cells are born. There is death and birth continually 
going on in rhe body of an animal. As long as the birth of the cells 
counterbalances the*r death, the animal as a whole lives 
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CaJJi«on.-The usual method of cell division is called ptosis or 
karyokSis or indirect division. The division of the cell ts preceded by 

a complied series of changes in the nucleus and by ^ 

Rarely,- especially in the case of cancer, the nucleus div.des d.rec.ly and 
does not undergo a preliminary rearrangement of .ts substance, 
type of cell division is known as amitos is or direct division. 


golgi bodies 
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Fio. on. A typical animal cell. 

Mitosis-— Four more or less distinct but unbroken stages are 
usually recognized in mitosis, viz. prophase, 2 . metaphase, 3- 

p *“” “ d ,w- »« 

It is surrounded by a mass of cytoplasm known as centrosphere- in 
first indication of cell division appears in the centrosomes of wh.ch .here a 
generally two in the cell. If there is only one, ..spins into «to. ™ 
resulting halves migrate round to opposite poles of the nucleus Purmg 
their migration each half of the centrosome becomes surrounded 
radiating fibrillac in the cytoplasm forming the so-called aster. Spin 
fibres are continuations of the asters separating the centrosomes. 
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Meanwhile the nucleus begins to undergo changes. The nucleus 
contains a network of fibrils of linin in which the chromatin is scattered. 
This network breaks up and becomes convoluted into spireme . The 
spireme quickly breaks up into a definite number of red-shaped, curved 
or ovoid bits, the chromosomes. The total number of chromosomes 
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nuclear membrane 
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K 10 . 1 Pii. • f :>i!osis A. Cell with tho so-called resting nucleus 

containing cl. .-•■malic r«-» i.-idum nnd nucleolus before the beginning of division. The 
centrosome vith tin? 1.1 • lies ••lose to the nucleus. Tho nuclear division is 

heralded by the • pmnt i^n of • lie centrioles nnd appearance of the aster. B. Tho 
oentrioles an M Oi.t.ilutg and U ‘..ining surrounded by tho astral rays. Tho chromatin 
forms tho spucu.. ’hre-.ds. f-l>. Polar spindles formed between the spiremes that 
have broken up i. .. chromosomes. K. Chromosome division. F. Chromosomes 
diverge. (1 '*’lie '-iiromosomes collect at the spindle poles. H Commencement of 
division of the cell body. I. Two daughter cells with reconstituted nuchi. 
A-l>. iTophase. E. .11- inphuso. F-CS. Anaphase. H-I. Telophase. 

pvesent at the end of the prophase is called diploid number which is 
constant for a particular species of animal. Different animals have 
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chromosome numbers. Man for example has 48, horse 60 dog 52, 
American bull frog (Rasa calesbciana) 26 and so on. While the 
chromosomes are appearing, the nuclear membrane disappears. The 
chromosomes now become attached to the spindle fibres. In the course 
of these changes the chromosomes have also split into two lengthwise. 

Metaphase. -The chromosomes now arrange themselves in two groups 
equatorially across the cell and somewhat mi&way between the ccntrosomes. 
Equal numbers of identical chromosomes thus become segregated. They 
now migrate away from each other, each group travelling in opposite 

directions along the spindle threads. 

Anaphase. — The repelling groups of chromosomes now reach the 

poles of spindles, where they crowd round. 

Telophase. — The cytoplasm gets constricted in the plane ot the 
equator. The chromosomes reconstitute themselves to form the original 
net-like pattern. A nuclear membrane appears around them. At the 
same time the equatorial constriction deepens until there arc two complete 
daughter cells. 

SYNOPSIS OF MITOSIS 

I. Prophasc 

1. Chromatin-linin meshwork changes into chromosomes. 

2. Ccntriolcs migrate to the poles of the nucleus. 

3. Astral rays develop round each ccnmoj^ ^ 

4. Spindle-fibres appear. 

II. Mctaphasc 

The longitudinally split chromosomes arc located in the equator. 

III. Anaphase 

The two sets of identical chromosomes move to the polar asters. 


IV. Telophase . . . . 

The two sets of chromosomes reconstitute themselves into nuclei 

Equatorial constriction of cytoplasm deepens and two daughter cells result. 


TISSUES 

In a multicellular animal like the frog the cells that compose 
the complex organs do not all perform the same funetton. T here » 
division of labour. The cells have •< castes ” and different cells perform 
different functions. Some look after digestion, others transport 
others conduction and so on. They have also different strung 
fit them for their special kind of work. A group of cells s.m.lar « > uctur 
and function is a tissue. The following tissues occur >» the I 8 • 
epithelial , 2. sustentative, 3 - muscular and 4. nervous. 
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Epithelial tissue.— The epithelial tissue (Fig. 101) is the oldest tissue 
in the body of an animal. All multicellular animals at one stage in their 
embryonic development consist entirely of epithelium. The cells of the 
epithelial tissue are compactly placed with but a small amount of intercellular 



Tic. 10*. Tt> no < i, A. Columnar epithelium. B. SVnscrv epithelium ; 

auditory In ir •■••li t*i. ...,i .1 • -r ampulla of t ho internal ‘-.'it of fro;:. '(•. Clandulnr 

« pithclial cell. i'. Armii.r ... nuivi i\«* 1 ij-sm* 1*7. Squum<>ii> i , piin> > liuni, T . Ciliated 
cpitlielmni. ' >'••*»>«• * \ roll : gustatory coll fr« in the longue of frog. 

: !. Sensory- rpitholiiil . ell in iu iho nose of frog. 

material. The mo*- ! important function of the epithelial tissue is to serve as 
.1 protective envelope and to form a lining for hollow spaces. Among 
the other functions of the cpithclia arc absorption,, secretion and excretion. 
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Epithelia cover or line all organs. Only exceptionally, as for example 
in the teeth, an epithelium is absent. 

On the basis of their function, epithelia are classified as: 1. protective 
epithelia, 2. glandular epithelia and 3. sensory epithelia. 

Protective epithelium guards against injury and infection. It is further 
subdivided on structural basis as : x. squamous epithelium, 2. columnar 
epithelium, 3. ciliated epithelium and 4. stratified epithelium. 

SIMPLE OR SINGLE LAYERED EPITHELIUM 

% 

Squamous epithelium —The squamous epithelium consists of a 
single layer of thin flat cells arranged like the tiles on a pavement. It 
is therefore also called pavement epithelium. It is found in the 
peritoneum that lines the body cavity and in the endothelium on the 
inner surface of the blood vessels, heart, etc. 

Columnar epithelium - Columnar epithelium lines the cavity of 
the intestine of the frog. The cells arc elongated and arranged adjacent 
to each other like a column of pillars. They rest on nonccllular basement 
membrane. 

Ciliated epithelium.- Ciliated epithelium bears on its exposed surface 
hair- like protoplasmic processes called cilia 9 which vibrate with a sort 
of lashing movement in one direction and thus set up currents in the 
surrounding liquid. Ciliated epithelium is found on the roof of the buccal 
cavity of the frog. 

COMPOUND OR MULTI-LAYERED EPITHELIUM 

Stratified epithelium. -The stratified epithelium has several layers of 
cells arranged one above the other in strata. It is found in the cornea 
of the eye and in the epidermis of the skin of the frog. 

Glandular epithelium.— The glandular epithelium is specialized for 
secreting the products required for vital activities. Columnar cells sec- 
reting mucus and called goblet cells occur in the intestinal epithelium. 
Glandular epithelia occur in the stomach, intestine and skin of frog. 

Sensory epithelium — The special character of the sensory epithe- 
lium is that some of its cells, the sensory cells , arc connected with 
endings of the sensory nerves. The taste cells on the tongue and palate, 
the olfactory cells of the nasal chamber, the rods and cones of the r m • oi 
the eye, the hair cells of the membranous labyrinth of the car. cv, are 
examples of sensory epithelial cells. 

Sustentative tissue.— The sustentative tissue (Fig. 102) are a heterogen- 
ous group, having the chief function of supporting, connecting and binding 
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various internal organs. They differ from epithelial tissues by the presence 
of a large amount of intercellular material, produced by the tissue cells 
themselves. The intercellular material is really responsible for the functions 
of the sustentative tissue. There arc four classes of sustentative tissues : 
1. connective tissue, 2. cartilage, 3. bone, and 4 adipose 
tissue . 

Connective tissue. -The connective tissue cells (Fig. 102) have the 
interspaces filled by other types of cells, for example, spleen cells, for which 
they form a support and a sort of frame-work. 1 he intercellular space 
may also be filled by fibres and such a connective tissue serves for binding the 
skin of the frog to the muscles beneath. The fibres arc white tendons by 
which muscles arc attached to bones. 



dondron-. 


hyaline matrix 


nucleus 


axon 


carhVx)ecelh 


medullary shoal h 


ranvierSnodo 


nerve 


lacunae 

canakuli 

-concentric lenella 


ixiscylmdcr 


nucleuvr 

ofneunJemmo' 


neurilemma 


r«>noku!i 


uihi/e 

>’a r rou> 


terminal arborisations 
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Cartilage.— The cartilage cois arc more or less rounded and scattered 


in bcuiiae or interspaces in the noncellular clastic gelatinous martix. 
In hyaline cartilage the martix is translucent; hyaline cartilage occurs 
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* at the ends of long bones, in the larynx, hyoid and the tip of suprascapula. 
In calcified cartilage , granules of calcium carbonate are deposited 
in the gelatinous matrix. The greater part of the suprascapula of the 
frog is of calcified cartilage. In fibrous cartilage white or yellow 
fibres occur in the matrix. 

Bone.— The bone is the most complex of connective tissues. It 
consists of very hard matrix, heavily impregnated with calcium phosphate 
and calcium carbonate, in addition to traces of salts of fluorine, chlorine 
and magnesium. The matrix contains numerous irregular lacunae en- 
closing the bone cell. In the matrix there arc also Haversian canals 
containing arteries, veins and nerves. The Haversian canals arc surrounded 
by rows of lacunae. These lacunae communicate with the Haversian 
canals and with one another by canaliculi. Long bones, for example, 
the femur, have a central cavity filled with bone marrow. A bone is 
quite distinct from a calgified cartilage. 

-? Bones are of two types : cancellous (spongy) and compact. 
Haversian canals are lacking in a cancellous bone but the bone is 
, spongy due to the presence of irregular trabeculae. Example of a 
’ cancellous bone is the flat tones of the skull. The compact bones, for 
example, the long bones, show the typical Haversian canals, canaliculi, 
etc.' ' 

Adipose tissue.— In adipose tissue there is no intercellular material. 
Large drops of neutral fat are surrounded by cytoplasm. The fat cells 
often form lobules of vesicles made of thin nonccllular membrane. 

Muscular tissue.- The muscular or contractile tissue (Fig 103) consists 
of muscle cells. Smooth or nonstriated muscles occur in the walls of 
the alimentary canal, arteries and urinary bladder of the trog. I he 
cells are elongate and fusiform and arc arranged in sheets and held 
together by fibrous connective tissue. The striated skeletal muscle 
fibres are gathered in bundles by connective tissue called endomysin 
Several bundles are bound together by perimysium into a muscle. 1 
individual fibres are covered by an elastic membrane, the sarcolemmu. 
The fibres are longer than in the smooth muscles. Under the micro c..pc 
each fibre shows alternate bands of dark and light stripes. In the cardiac 
muscles the fibres are striated and branched and anastomosed to ionn an 
interconnecting network. The protoplasm is granular. The ^nations 
irregular and closer together and the myofibrils coarser than in Plaice 
muscles. The nuclei are also larger. 
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Nervous tissue.— The neuron or the nerve cell (Fig. 102) has cell body v 
with a nucleus. There arc one or two conducting protoplasmic processes— 
the dendrons and axons. In the cytoplasm there are irregular threads, the 
neuro fibrils, running in all directions and extending into the nerves. The 
granules staining deeply with aniline dyes constitute the Nissei bodies in 
the cytoplasm and dendrons but rot in the axons. A monopolar 
neuron has a single process from the cell body. This soon divides into 
two, one branch corresponds io dendron and the other axon. Bipolar 
neuron has one axon and one dendron. In multipolar neurons 
there are many dendrons but always only one axon. The dendrons are short 
and branched close to the cell body like a tree. The axon sometimes gives 
off collateral fibres. 
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white. The conducting part is ihc axis.cylinder and the insulating sheath 
is myelin or medullary substance. Myelin is a fat, lecithin , 
containing phosphorus. Externally the nerve is ensheathed by neurilemma . 
The medullary sheath is not a continuous covering but at regular intervals 

it is constricted into nodes of Ranvier . 

The non-medullated nerve fibres arc found chiefly in the autonomic 
nervous system but often in the cranial and spinal nerves also. They are 
transparent fibres, without any surrounding sheath. 

MINUTE STRUCTURE OF IMPORTANT ORGANS OF THE FROG 
Integument —The integument or skin of the frog (Fig. 104) consists of 
two layers : a superficial epidermis and a deeper dermis. 

Epidermis -The epidermis is composed of several layers of cells, 
grouped into a stratum corneum and a stratum germinativum. 
The stratum corneum is on the surface and is a squamous epithelium. 1 he 
stratum germinativum is composed of several layers of cells forming a 
stratified epithelium. The upper layers of cells arc polygonal and the 
innermost layer is composed of columnar cells This layer is the stratum 
malpighium. The cells of the stratum germinativum arc interconnected 
by fine protoplasmic threads or intercellular bridges. Chroma, 
tophores or pigment cells occur in the epidermis. There arc nerve 
endings in the lower layers of the epidermis. The ducts of glands from the 
dermisbeneath pass through the epidermis to open on the outer surface. 
^^T£rmi..-The dermis or curiam is composed of the outer stratum 
spongiosum and inner stratum compactum. In both these layers 
white non-elastic and yellow clastic connective tissue fibres occur. I he 
dermis is elevated into irregular papillae, in which the touch corpuscles are 
found. This layer is richly supplied with blood vessels and lymph spaces. 
A relatively large number of chromatophorcs occur in the spongy later. 
Below the dermis, loose connective tissue encloses lymyh spaces and attaches 

the skin to the underlying parts. , 

The skin of the frog contains simple alveolar glands. Ihc xuiu 
the spherical space, the alveolus, is lined by a single layer of glandular cc K 
The alveolus has a duct opening on the outer surface of the skin. 1 

are the mucus secreting and poison glinds. „ 

'-''^Stomach. — The stomach wall (Fig. 105) is composed of .. pummeun 

or se.ota, 2. Ulrica mutcula.is 3. submucosa and 4. mucosa 

The tunica muscularis or the muscular coat consists of _ a 
dinal and a circular layer of uns.ria.cd involuntary muscles. ™ r 
. layer is thicker than the longitudinal layer. The submucosa is «cll 


duct opening of mucus gland 




Fig. UM. Ve rtical section through the skin of fro, 
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T loped and is composed of loose connective tissue, in which blood vessels and 
lymphatics ramify. On the inner surface it possesses a muscularis 


<0 



mucosa arranged in longitudinal and circular layers. The muco*-.» > s 1 lC ^ 
in tubular glands. This is a glandular epithelium. It is throws n into 
numerous longitudinal folds and each fold is covered by nuir.snu linger- 
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like elevations. Ciliated epithelial cells occur on the inner surface, Thfp> 
glandular cells are modified columnar cells, with a broad free and a narrow, 
inner end. These are the so-called goblet cells , which secrete mucus.- 
Tubular gland cells secrete the gastric juice. 



Intestine. - 1 In i : tine I-ig. 106) is also composed of the 
same lour .av as the voaiach 'mi :iie sui.mucosa is relatively thin and the 
mucov, presents Cettam f eeuliaiit.es. I., the duodenum the mucosa is thrown 
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V~o semilunar valve-like folds. In the small intestine the mueosa pres^s 
network of irregular folds and posteriorly regular longitudinal folds. 1 h 
mucosa is covered by columnar epithelium, with the cells on a basement 
“ane There is a thin layer of connective tissue between -he epithe- 
lium and the muscularis mucosa. Goblet cells arc a un 
capillaries and lymphatics form a network on the inner surface 

muscularis mucosa. . 

V Liver.— The liver (Fig. .07) is composed of .. peritoneum, 2. fibrous 

covering, 3. hepatic cells, 4- bile canals and 5 - blood vessels. 

The peritoneum encloses the liver almost completely. The fibro 
coat is thin and is composed of connective tissue fibres. The hepat. 11 
or the liver parenchyma are large compressed spheres or folygons. They 
often contain granules of glycogen. 



Fio. 107. I’nrt of faction through t!»o liver of fro»r. 

Pancreas - Connective tissue encloses a number of lobes, composed m 
f TohuTes Each lobule comprises tubes lined by a single la>er 0! 
turn of lobu eS . f’ J i hese aic thc alve olar cells, the secretion, o! 
glandular epitheha 1 cells. Thcrc is yet another type of gland cells the 

tSSnSSn Longerhans, which have no ducts, .hese 

are scattered in « he by a Uiin fibrous tissues 
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gland cells. The uriniferous tubules are bound together by fibrous connective v 
tissuc. 1 he malpighian capsules are composed of loops of an artery, 
the glomerulus, enclosed by a Bowmans capsule (Fig. 69). The outer 
wall of the Bowman’s capsule continues as a tubule, which becomes 
convoluted at first, then forms a loop (loops of Henle) and opens into a 
collecting duct. The latter runs across near the dorsal surface outwards 
to open into the ureter. The wall of Bowman’s capsule is composed of thin 
flat cells ; in the tube the cells arc columnar. Immediately after the capsule, 
the tube cells are ciliated. 



Spleen. — The hns an outer peritoneal coat, beneath which lies 

a fibrous coat. 1 > :• Liter sends in trabeculae to form a meshwork support- 
ing the plei n pulp, spleen corpuscles, blood corpuscles and pigment cells. 

The :*>iis (rig. 109) is ensheathed by thin connective tissue 
beneath, the peritoneum. The peritoneum sends in supporting trabeculae, 
• •' iis oi .mg rise ;o lobules Seminiferous tubules arise from an irregular sinus 
.i‘.‘ .re lined germinal epithelium with spermatogonia, spermatocytes and 
pe.JT.s in the lumen. 

U.avy — The peiitor.cal covering of the ovary is composed of isolated 
ciliated etl!.. Beneath the peritoneum is a thin layer of connective tissue. 
1 he connective tissue scnJs in septa, to which the ova are attached. Between 
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the peritoneum and the connective tissue is the germinal epithelium 
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v Lungs - The lungs (Fig. no) are composed of muscular, connective 
and epithelial tissues. The muscular tissue is present in large bands 
forming a net-work. These arc smooth muscle fibres. The connective tissue 
is relatively not abundant : it comprises many yellow elastic fibres. 1 he 
epithelium of the lungs is variable. The borders of alveoli have columnar 
ciliated epithelium. The alveoli arc lined by polygonal cells. The epithelium 
rests on basement membrane. 

RESUME 


1. The skeleton is the frame- work of the body. It protects various organs and 
gives attachment to muscles. 

2. The skeleton of the frog is composed of cartilages calcified cartilages and 
bones. 

3. The skeletal system comprises an axial and an Appendicular portion. 

4. The vertebral column is composed of nine vertebra© and the un-style. A 
typical vertebra .-emprises a bony urcli on a centrum, with transverse and neural 
processes. The atlas has no transverse processes. The sacral vertebra presents two 
concavities behind for articulation with the uroMyle. 

f». The large skull includes a small cranium and large jaws. There are two 
occipital condyles. The lower jaw bone is articulated mainly by tbo quadrate 
curl ilage t*» the skull. 

0. The pectoral girdle receives 'lie fore limbs. It comprises mainly suprascnpula, 
scapula and coracoid. 

7. The pehie girdle, that receives tie* hind limbs, artioul ites directly to the 
sacral vertebra. 

8 Tie* fore and bindlimhs comprise the same set of bones, differing only 
proportion*. They are serially he mologoua organs. 

!» 'I bn inuscl. h .arc of two chi-f types : smooth and atriat -d. They are generally 
arranged in nnt.ignnit).* pairs that bring about various kinds of movements. 

It). The nervous system forms the conducting and comrdinut ing mechanism of 
the body. 1 1 includes she bn in, the spinal cord, tbo paired nerves that mis© from 
tbe.se i a*. . nd llic ,nil(iiii>Miic centres. The brain and the cord are holt.. \v structures. 

1 l. The uenroe s-. ih*» unit of the nervous system. 

I. ’. (* is a spivialr/.vd coll that has insulated conducting pr. noses axon and 

dendn-n 

13. A . Vs arc is formed by the dendron of a sensory neuron, i:s axon in 
synap'* 1 v iti. | i. * doudron of a motor neuron and the axon of t he latter ending usually 
ina mu i I * v < b an arrangement— produces an automatic involuuta: \ re-ponne to 
some -l inuilus. 

II. The endocrine organs release various lmrmonca into the general blood 
stream mid serve as the great “inter-locking chemical directorate-general oi ihc body.** 

la. Tl-.o cell that i* th«- unit of tin* body, is u bit of protoplasm with o nucleus. 
It is modified into vnri ms tissues for different functions. 


Id. fells divide l*\ mitosis or aniitusis. Mitosis comprises complicated nuclear 
'•he'iycs, in which are roc. ion iced pieplant.*, met.iphaso, amipnasc und telophase. 

17. The tissues are el.^>i , '-.l a» epithelial, sustentotive, muscular and nervous. 


is. *TI»o opitheli.il *. ii 
.•••Veriug and a* absorbing « 


intercellular matciiul and serves 

r Kiirl'in-vs. 


as protect i vo 


l'.> The susl* -.itat ive ti*-M. • shj ports, -oiin.-cts «*r binds internal organs and has a 
i-uiisi*l**rabie i nr creel lulnr lai.-.t i i\. * * m.-ciiv c t issue, cartilage, bci.c, etc., aro examples. 

20 . The skin consists of • j;.«- mils and dermi-. Chroma tophores occur in. tho 
former. 


CHAPTFR V 
THE FROG ( continued ) 

13 REPRODUCTION AND DEVELOPMENT 

Reproduction - The frog reproduces 6y the sexual method. 
There are two sexes female and male. During the breeding season, 
that coincides with the rains, the female frog discharges her ova into 
water The male climbs over the female and sheds his sperms on the 
eggs. There is usually a rough and primitive sort of courtship. The 
males sing loudly and often fight among themselves over the lady-love. 
The successful and the loudest croaking male is accepted by ihc Miss 
Frog. The eggs arc covered in a gelatinous protective mass, which 
swells up in water and forms an effective protection for the eggs, that 
are othc.wise left to their fete. They develop in the water by the 
heat of the sun and of course exposed to numerous enemies and natural 
catastrophies. Ccnsiderirg the various dangers to which the eggs arc 
exposed, it is rcallv a wonder that there arc frogs at all. Out of hundreds 
and thousands of eggs laid, hardly one or two ultimately reach maturity. 

Development, All animals begin their life at first as a minute 
single cell, the evum. This cell repeatedly divides and forms two or 
three layers of epithclia, which give rise to all the complicated tissues 
and organs that make up the animal. The scries of changes which the 
ovum undergoes till it becomes the adult animal is called development. 
Although it is an unbroken series of changes, each more complex than 
the one before, two distinct stages arc recognized in the frog, viz. the 
embryonic and the postembryonic. The embryonic development 
includes the changes within the ovum and the postembryonic changes 
comprise the development after the young animal escapes from the on m 
till it becomes an adult frog. The ovum is produced by the female 
frog. Before however the ovum can begin developing into the frog, it 
must be united with the sperm from the male, i.c. it must be fertilized. 
The ovum and the sperm arc gam etes or t he uniting cells. 

/ Gametogenesis. — Gametogenes T?ig- m) is the process ol maturation 
of the germ cells into the gametes. The cells which ate destined to give 
rise to the gametes are called primordial germ cells. 1 lie pnmor- 
* dial germ cells contain the diploid number of chromosomes characteristic 
of the animal. During the gametogenesis this number is reduced exact y 
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to half. When the male and the female gametes unite together in 
fertilization, the number of chromosomes become deploid again. 



tl*. in nnitnnls l»y inutnrjiti.-n ion) 

'*> :• » c *•••• - • 11s pnim of i-liromi'scnM « spill Im^tliwisc iiihI ui\o rise 

O • *• h. J •' i 1*1 tin unmet os Fort ili/ut ion restore* the diploid iiiunbor. 

./ Oofctm.'is - Oogenesis is (he maturation of the primordial germ 
veil into the urn. The primordial germ cells divide rapidly by mitosis 
and give ri?e to oogonia. The oogonia enlarge by deposit of yolk 
or reserve food materia! and thus become primary oocytes. The 
> "tes then divide twice. The first division gives rise to two unequal 
a laige secondary o.ocy-e and a very small first polar body . 
econdary oocyte again divides into two unequal cells: a large ootid 
aid a *rvall second >olar body. The ootid is the mature ovum 
the polar bodies degenerate sooner or later. The ootid contains 
half rhe number of chromosomes characteristic of frog. L* 
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y Spermatogenesis.— The spermatogenesis is the maturation of the 
primordial germ cell into the sperm. The primordial germ cells repea- 
tedly divide by mitosis and give rise to several spermatogonia. The 
spermatogonia produce by further division a very large number of primary 
spermatocytes. The primary spermatocytes divide and produce two 
equal-sized secondary spermatocytes. Each of these again divides 
equally to produce two spermatids. Thus each primary spermatocyte 
gives rise to four spermatids, which contain each half number of chromo- 
somes. The nucleus of the spermatid moves into the head of the 
spermatozoen or sperm (Fig. 109) and the cytoplasm gives rise to the 
middle piece and tail of the sperm. The sperm is capable of locomotion 
by the lashing movements of the tail. 

>/ Fertilization.— Fertilization is the fusion of the sperm and the 
ovum. * The frog’s ovum is fertilized outside the body of the mother 
the female which produces the ovum. The ova arc discharged into the 
water by the female frog and the male sheds the sperms on them. A 
single sperm alone enters each ovum. After the entry of this sperm, 
the membrane of the ovum separates from the egg cytoplasm, leaving 
a clear fluid between and thus prevents the entry of any more sperms. 
The sperm which has entered the ovum now looses its tail and the 
head becomes transformed into the male nucleus. The nucleus ol 
the ovum is now called female nucleus. The two nuclei approach 
each other slowly and finally they fuse with each other to form a 
single zygote nucleus. The ovum now becomes the zygote or the 
so-called •« egg It is this fusion of the male and female nuclei which 
is strictly speaking “ fertilization ” and not the mere entry of the sperm 
into the ovum. v 

y Embryonic development —The zygote is the starting point for 
embryonic development. The zygote is a single cell formed by the 
union of a male and a female cell. The zygote is the largest cell in 
the body of the frog and out of this single cell the future frog is 
destined to develop. The egg of the frog is rich in yolk material stored 
up by the mother. The yolk is concentrated in the vegetative pole m 
contradistinction to the darker upper animal pole, or the zygote cytoplasm 
proper. Such an egg is called a polar differentiated telolecithal 

During the embryonic development of the frog the following events 
take place: 1. cleavage or segmentation, 2. blastulation, 3 - gastru- 
lation, 4. organogenesis and 5. histological differentiation 
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THE FROG AS A TYPE OF ANIMAL 


167 


cells; each of these divide into two, thus giv.ng r.se to four grand- 
daughter cells; these four again divide and give rise to eight, the eight 
divide into sixteen and so on in geometrical progression. This process 
of mitotic division of the zygote is called cleavage or segment at, on. 

The first segmentation divides the frog's egg completely into two 
equal halves called blastomeres. The segmentation is thus total or 
holoblastic A zygote which undergoes total cleavage ,s also described as 
holoblastic. This first segmentation takes place in the Sam ' pU 
which the male and female nuclei approached each other before 
fertilization. The second cleavage takes place at right angles to the first 
cleavage but still in the same vertical or meridional plane. The third 
segmentation takes place horizontally and nearer the amma pole so tha 
the egg is now divided into four smaller pigmented cells above and four 
larger paler cells below. The smaller cells on the upper animal pole 
are called micromeres and the large on the vegetative pole are he 
,„acromeres. The succeeding segmentations take place more ,n the 
micromeres than the macromercs. The micromeres divide much faster 
than the macromercs, which comprise the yolk. Tne products of segmen- 
tation are thus of very unequal size and shape and therefore the segmentatton 

is described as unequal. 

v/ Blastulation. —The segmentation of the zygote results in ver> 
large number of pigmented micromeres forming a sort of a cap on the 
fewer unpigmented macromeres. Between them there is a hollow space 
called segmentation cavity or blastocoele. The whole structure is 
called ,1,1a. The blastocoele is filled with a fluid. The forma, ton 
Of the blastula marks the second stage of embryonic development 

Gas.rulation -The blastula consists of a mass ol ptgmented smaller 
cells on one hemisphere and larger unpigmented cells on the other, 
blastula therefore always floats with the pigmented hemisphere on to| >. 
The' pigmented micromeres gradually grow and reach almost to the equa 
If the blastula. In this marginal zone between the two hemtsphe 
a small but conspicuous sickle-shaped deep groove appears. lh.» 
is sued primitive streak. It arises by the deep " 

invagination of the micromere por.ton of the wall * h 
by the rapid growth of micromere hem, sphere. The groo 

and also becomes deeper until finally it becomes circular. ^ 

at the same time grow over and enclose the macromc , 
just left exposed as the yolh.plug «'' h ' n 'he £ jnvagination 

streak. The circle is now called the blastopore. 
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has also become so deep that the wall of the blastula becomes tucked- 
in into the blastocoele, which is nearly obliterated. A new cavity 
bounded by two membranes has thus been produced. This cavity is thet 
rudiment of the alimentaiy canal of the future frog and is called 
archenteron or primitive gut. The roof of the archenteron is composed 
of two layers, the outer ectoderm or epiblast and the inner endoderm 
or hypoblast. The yolk forms the floor of the archenteron. It is gradually 
digested within the archenteron and absorbed by the growing embryo. 
The zygote has thus become an embryo with a gut or gaster; it is 
therefore called a gastrula. The series of changes of invagination 
and overgrowth or epiboly, leading to the formation of the double-layered 
gastrula is termed gastrulation. The gastrula of the frog is bilaterally 
symmetrical. Its blastopore indicates the place where the anus of the 
future adult will develop. There is as yet no mouth. 

Organogenesis.— The epiblast and the hypoblast are the two 
germinal layers. The gastrula is also described as the diploblastic 
stage of the cmbroynic development, because there arc only two germinal 
layers. Soon a third germinal layer appears and the embryo becomes 
triplobl ast> c. All the organs arc differentiated from these three germinal 
layers. 

The organ which appears next is the nerve chord. The embryo elongates 
into the shape of a fish. The epiblast develops two lateral ridges along the 
median longitudinal line. A shallow groove thus appears in between 
the r'dges. The edges of the groove are called neural folds . The 
nvt»-ai fold.* each rc'c the olastopore. They increase in height and fall 
inwards tii! -1 cy rnc*t and fuse together enclosing a neural tube. 
The cr.v'iy of the i coral tube is destined to become the central canal 
of the future spinal cord. The anterior end of the neural tube 
enlarges into three hollow vesicles , the fore, mid and hindbrain. 
While the neural tube is forming, the archenteron undergoes changes. The 
hypoblast or the roof of the archenteron now splits into two layers of 
cells except in the middle. The lower layer of these two is the secondary 
endoderm , and the upper the mesoderm. 

The median part of the mesoderm separates from the lateral part and 
forms a solid rod, the notochord or chorda dorsalis lying below 
the nerve cord. The notochord appears first posteriorly and then extends 
forward. Round this the vertebral column of the frog is destined to 
develop. ’• he embryo is r.ow in the “riploblastic stage. The mesoderm 
then forms thickened bands, the segmental bands on either side of 
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the notochord. The segmental bands divide into a lower splanchnic 
layer and an upper somatic layer. The intervening space is coelom or 
body cavity. The somatic layer gives rise to the segmental skeletal 
muscles and the splanchnic layer lines the gut. The endoderm now 
grows ventrally and completely encloses the fast diminishing yolk. The 
ectoderm forms an anterior pit, the stomodaeum , on the ventral 
surface. The stomodaeum deepens and opens into the archenteron, 
thus forming a mouth Similarly a posterior proctodaeum gives rise 
to the anus. Liver develops as a hollow bulge from the ventral wall of the 
gut. The heart appears as a straight tube, which becomes twisted into 
a knot, forming the ventricle and auricles. External gills appear anteriorly 
and embryonic development is almost complete. « 

The various adult structures develop from the germinal layers as 
below'. 


ECTODERM 

Nervous system, eye, ear, nasal cavity, epidermis of the skin and 
membrane bones of the skeleton. s 

ENDODI-RM 

Lining of the digestive cavity, liver, pancreas and lining of the 
lungs. 

MOSEDFRM 

Dermis of skin, cartilage bones of the skeleton, muscles, blood, 
heart, excretory system and reproductive organs. 

$ Pofttemb. ycoic development. When the embryo has completed its 
development in the egg. a young frog docs not hatch from it. A peculiar- 
looking fr h-iikt immature creature or a larva comes out. This larva of the 
frog is called a tadpole. It swims in the water by the lashing movement 
of its powerful i.-d long tail. It feeds and as it grows, changes its shape 
and appearance several times before finally leaping out of the water as a 
frog. These chances of shape and structure of a larva before it becomes 
an adult comprise rretanorphosis. 

The i ad pole h.s.» horny lips surrounding the mouth. These lips are 
used for rasping the sof- d succulent aquatic vegetation, which forms the food 
of the tadpole. The alimentary canal becomes elongated and coiled line a 
watch-spring, it has tvo pairs of gills and very soon a third pair of 
journal gills develop. These oils are richly supplied by blood vessels and 
a*e '.he respiratory organs d the larva. The pharyngeal region of the 
alimentary canal develops paired pouch-like outgrowths, called gill 
pouches. The gill pouches extend to the surface of the body and pierce K 
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the skin, giving rise to gill slits. Soon a fold of skin, the opercu/«m 
extends and covers up the external gills and the g.U sl.ts ventnd.y nd on 
the right, but leaving a small aperture, the spiracle, on 1 ** ^ A 
branchial chamber , into which the gill slits open, ‘ s lh “ " 
external gills soon degenerate and are replaced by mternal g.lls. Water 
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hrough the mouth, passes through the pharynx into '^'^uft.^At thU 

.ashes the gills and escapes to rite outs.de by the sp.racle on the 
itage the tadpole is veiy much like a fish. 
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When the tadpole is about a month old, the hind limbs appear at the 
base of the tail as small stumps and gradually grow longer. The fore limbs, 
which develop before the hind limbs, remain hidden beneath the operculum 
long after the hindlirabs have already grown out. 

The lungs, which appeared at a very early stage as a ventral pouch 
from the alimentary canal, now become functional. The tadpole, which 
can still breathe through its skin and by internal gills, occasionally rises to 
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Km. 1 13. Life cycle of t:»i» frog with metamorphosis. A. Adult male climbs 
over tin* female and shed* *>•> « i erm on the eggs she is diseli trging into the water. 
B. Mn«s of egg9 enclosed in sv.ollen jelly. C. Developing embryo. D-I. Stages of 
tadpoles. J. Tailed fiog. K. Voting frog. 

the surface of the water in orJer to gulp in air into the lungs. Respiration 
in this is both aerial and aquatic. The tadpole now resembles the 
lungfishes and is therefore called dipnoan stage tadpole. The fore limbs 
pierce the operculum and grow out. The internal gills aud the spiracle 
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disappear. Respiration becomes wholly aerial. We now have the four- 
pegged, tailed frog, which leaves the water now and then to hop on the 
ground. It now changes its food and becomes a carnivore. . The legs 
elongate and the tail progressively shortens, until the fully formed young 
fiog appears. It reaches sexual maturity in one to three years. 

Changes during metamorphosis. — The changes which the tadpole 
undergoes in its metamorphosis into the young frog are both external ?nd 
internal. There are also changes in its habits. 

EXTERNAL CHANGES 

1. The limbless tadpole develops external gills and has an 
elongated tail. 

2. Gill slits appear. 

3. External gills arc replaced by internal gills. 

4. Hind limbs appear. 

5. Fore limbs appear. 

6. Internal gills appear. 

7. Tail shortens. 

8. Hind limbs elongate. 

9. Tail is lost. 

INTERNAL CHANGES 

The internal changes arc far more numerous and profound than the 
external ones. The main internal changes affect the respiratory and 
circulatory systems. 

Changes in the respiratory system.— Early respiration is by the 
general surface of the body. Just before the tadpole is hatched, the 
rudiments of the gills appear. The hypoblastic epithelium of the 
anterior part of the gut is evaginated as paired lateral outgrowths, 
viz. the gill pouches. Three anterior pairs of pouches develop 
first and are succeeded later by two more behind. Thus five pairs 
of branchial (=gill) pouches occur. These pouches grow outward 
and meet the epiblast. Six pairs of c irtilagenous skeletal supports., 
the gill arches , develop to strengthen the pouches. The first pair of these 
is called the mandibular arch. Though now a skeletal support for a gill, 
it is destined later on to become one of the jaws of the frog. The second is 
the hyoid arch. The remaining are called the first, second, third and 
.fourth gill arches ; these degenerate in due course when the lungs develop. 
At the time the tadpole hatches, the first and second gill arches alone bear 
each a branched and highly vascular external gill. Later still, a similar gill 
develops on the third arch also. Finally with the formation of the gill slits 
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and of the operculum, these gills shrivel up and internal gills develop on thsuj- 
gill arches as in the fishes. The lungs appear early, in fact almost 
simultaneously with the hatching of the tadpole. They however remain 
small and functionless until after the . formation of the internal gills. 
Gradually the latter disappear and the lungs become functional. 

Changes in the circulatory system— Even before the hatching of the 
tadpole, the heart develops. It is, to begin with, an almost straight tube 
— merely a blood vessel lying below the alimentary canal. Scon however it- 



Fi'*. t * •' - • ii.rn mi -tup* of (In 1 of Prop, with interim 1 

|iiiij>.ii -1 >1 < ' #••;* i>holo»,rapl i of u model in the Zooltijy Museum, 

Si. Jolt"’* f'olb • .< < 

gets twisted once into pi:al. The walls of the looped part fuse and thus 
give rise to a hollow structure, the heart, which then becomes further 
subdivided into right and left auricles by a septum growing backwards. Two 
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*rge veins, the vitelline veins , bring the blood from the yolk to the 
heart and a ductus cuvieri conveys the blood from the dorsolateral 
regions of the body of the tadpole.- These veins unite together into the 
sinus venosus. Two anterior cardinal and posterior cardinal veins 
Y open into the ductus cuvieri. The heart gives off a cardiac aorta or 
conus arteriosus in front. The conus divides into a right and a left 
branch. Each branch subdivides into three afferent branchial vessels 
going to the three external gills. The blood passes through the capillaries 
in the external gills and returns after oxygenation by three pairs of efferent 
branchial vessels. When the external gills disappear and arc replaced 
by internal gills, the afferent branchial vessels reach them and efferent 
vessels return from them. The- circulatory system of ihc tadpole is now 



Fio 117 DMgri.ro of tl.o clmncc in.lho ciroul.»t. T.V nybU-m during mjinmor- 
pi.- «is of frog. Tlio heart and aortic urc)i.*s in A. of young t.ulp«.|o witli Hire 
"Xtcrunl gills, B. of tlio tadpole wilh internal cilia anil lungr, "in It . of the adult Img 
derived from H. The dotted lines indicate the vessels that have disappeared. 

exactly like that of a fish. With the lungs becoming functional, the blo.-d 
is supplied to them from branches of the fourth pair of afferent 
branchial vessels. This contains bleed already oxygenated in the gills. 1 he 
blood returns from the lungs by the pulmonary veins. Now less and 
less blood flows to the gills and more and more to the lungs. When finally 
the gills completely shrivel up, the blood goes entirely to the lun • for 
oxygenation. The afferent branchials now become the three aortic 
y arches. The first aortic arch becomes the carotid arch, the second 
the systemic and the third the pulmocutaneous artery of the adult lion. 

Changes in habit.— T he tadpole is at first a relatively sluggi'.h creature 
ering to aquatic vegetation by suckers. Soon it becomes an actively 
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free-swimming fish-like form, feeding on soft water plants, breathing 
external gills and moving about by the lashing movements of its long 
tail. Later, its respiration is both branchial and pulmonary. Finally it 
leaves the water off and on, breathing wholly by its lungs and skin. It gives 
up vegetarianism and starts feeding on small flics. 

SYNOPSIS OF DEVELOPMENT OF FROG 

Embryonic 

Segmentation. First two cleavages meridional but at right angles to 
each other. Third cleavage latitudinal and micromeres and macro- 
meres form. 

Blastula. At the end of segmentation a hollow one-layered 
vesicle, the blastula results. It encloses the blastococle. 

Gastrula. Invagination and cpiboly lead to a double-layered gastrula. 
The new cavity is archentcron. The two layers are cpiblast 
or ectoderm and hypoblast or endoderm. 

Triploblastic stage. Endoderm splits above except in the middle. 
This middle part becomes notochord, the lateral parts become 
mesoderm. The ectoderm invaginates and forms the neural tubc.^ 
The neural tube enlarges anteriorly into the brain. Stomodacum 
and proctodacum complete the alimentary canal. Other organs 
develop. 

Vosti mbri/onic 

Firs: tadpole larva with sucker attaches to water weeds. Has two pairs 
of external gills. Becomes an active swimming tadpole with three 
pair - of external gills. Operculum develops and covers gill slits and 
external gills arc replaced by internal gills. Lungs become functional 
and the tadpole breathes for a time both by gills and lungs, exactly like 
the lung-fish dipnoan. Internal gills disappear. Legs elongate, tail 
shortens and p-ctamorphosis is completed. 

RESI'ME 

1. Itc*|>ro«Iuc*li" , i in flic frog is by the sexual method. The frog breeds only in ' 
water. 

2. Ii I >egiiis us development ns a single roll, the ovum, which is fertilized 
by the sperm in water, miis'nlo ibo body of the mother. 

3. The iWii'i/od ovum is the /.ygoto. It commences development by dividing 
into a number of l.-histoiiien s, tliui rearrange themselves to form a hollow blastula. 

•I. Invagination nnd cpiboly convert the blnstulu into n gastrula, in which 
the arolieiiteron is surrounded by ihe endoderm nnd the ectoderm forms the outer 

layer. 
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5. The mesoderm and notochord appear between there two layers. The ectoderm 
forms the nerve tube. Those three germinal layer* give rise to all the organs of the 
future frog. The embryo elongates into the fish-like tadpole larva that hatches at the 
end of the embryonic development. 

6. The tadpole has external gills, suckers and an elongate compressed tail 
that serves as the locomotor apparatus. The alimentary canal is coiled like a watch- 
spring. The tudpole feeds on aquatic vegetation. 

7. Internal gills soon replace the external and the lungs gradually become 
functional. For a lime the tadpolo breathes by the internal gills, exactly like the 
Dipnoan or the lungfish. 

9. The tadpolo completes iU development when the gills and the tail disappear 
and the limbs grow. 

l-^p ^ 

UU 



CHAPTER VI 

7 PROTOZOA 

V. 

Protozoa. ^The Protozoa ( p olos = first and zoon = animal ) are 
unicellular animals with relatively simple organization. £Thcy are mostly 
microscopic in size. Some are hardly three micra long. A few like 
Porospora yigantea measure fully 16 mm. and arc thus visible to the 
naked eye. 

t^Ovcr thirty thousand species of Protozoa arc known from the world. 

Each species lives in a particular habitat : moist soil, decaying organic 
matter, fresh-water, salt water or sea water. M l any lead a free life. Some 
live in colonics and a few live fixed to the ground like plants. Numerous 
others arc parasitic in other animals, in which they cause various diseases 
like malaria, sleeping-sickness, dysentery, etc. 

Although it is a general fashion to call them the simplest of all animals, ^ 
they manage to carry on all the complex activities of life within the limits of 
a single cell that their body comprises. They cannot therefore be so 
simple as is usually imagined. Many have complex organelles or 
"cell organs” like mouth, whips, cilia and so on. They have often complica- 
ted locomotory apparatus. Not all of them arc naked protoplasm. A number 
of them secrete a shell in which they live (Pig. 1 19). Some build a shell of 
~^sand particles. Hb.bhjirina is a marine protozoan, which produces a new 
calcareous shell when the old one becomes small (Fig., 1 19). They occur in 
such enormous r.uml .is in the sea that when they die, their shells 


are deposited as gloHgcrina co/.c. In coutsc of time the ooze hardens 
into chalk, such as that of the cliffs of Dover in England. The limestone 
used in the famous Egvydm pyramids was made by Protozoa, which lived 
thousands of million yt;.rs ago. Similarly, Radiolarians^arc another 
Protozoa which form iiim rocks. Xocliluea is a phosphorescent marine 
protozoan, which !ivi.-.- . the suifacc of the sea for many square miles. 
v There is a protozoan which lives in a sort of friendly relationship in the gut 
\ of the white ant and helps it i; digesting the cellulose of the wood for it. 
''One or two possc>s chio r >phyll and arc capable, like the green plants, of 
utilizing the sunlight in. synthesizing carbohydrates fiom the elements of 
water and carbon dioxide. 
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Characters -The Protozoa are recognized by the following characters : 
? m“„ T dually unicellular or colonic, of a few cells, similar i„ s,r,. structure 

a " d spherical . oca, or variable, sometimes with protective test, or cases. Kot 

differentiated into tissues. 

3. Nucleus single or multiple. 

4 Organdie* but no organs or t issues. 

B . The single cell performs alt the funtion. of life from loromolmn to 
"’"T' Locomotion by psemlopodm, streaming, flagella or by ciliary movement. 



lh * T Reproduction asexual by binary .tip,, fl-ion and budding or sexual by 

fusion of gametes. 

9. Free-living, commensals, symbiont* or parasites.; 



AMOEBA 
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Fl0 . 118. Phylum Pro, oxoa. C.«a Saroodina. Maatigophora, Cilia... 
Classification — The phylum Protozoa (Figs. 1.8, ..9, »3) * cl- sihed 
as follows : 

Locomotion by a, reaming or 1, ' * 

cJTs.r.odin. , - Bblzopoda,. Emotion by p— opodia. Kxamplo : 

Amoiba. e or ft 
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Class 3 Sporezoa. Exclusively parasitic, sri.bout locomotion when adult. 
Examples : The Malarial parasites. 

Subphylum II. CILIOI'HORA. Locomotion by cilia. 

Class 4. Ciliata (-Infusorii). Cilia permanent. Examples: 1 arameeium, 
Vorticclla , Slenlor. 

Class 3. Suctoria. Cilia io early life. Example : S,,hat,op)irya. 

SARCODINA 

The Sarcodina are simple Protozoa without permanent organelles 
of locomotion. They move by pscudopodial streaming. 

Classification. 


t 


( lass SARCODINA 

Subelus# 1. AfUNoroPA 

Or, lrr 1. Heliozca- Example: AnSmasphan «« nun- animalcule. 
« ) r «lor •». R.dioUri. fecumi** : rctu'.o* ru r > ami Kunjrlidiuw. 


SuIm I.iss :\ Riii/.ovoua 

Or tier ]. Lobosa Example: An'oeio. 

Order 2. Foraminifera Examples: <;/. b .jtr;,.,, and -V.-ma. 



IV . 1 :*J. l’liyluin Protozoa. Class Snrcotl ma. 

1 AMOEBA i 


Occurrence and systematic position — Amotba lives in fresh-water 
that contains green pi *.nts or in brikish water. l ; rcsh-water amoebae occur in 
a variety of localities; for example, in pools, streams, water troughs and 
so on. They mostly creep on submerged plants. Some like ba 



PROTOZOA 


iHl 

ierricola live in moist earth. Many species habitually occur within the 
bodies of various animals including man. Some of these are harmless 
to man, as for example, E nt amoeba gi ngi ralis found in the mouth. Others 
cause fatal diseases, as for example. Entamoiba histolytica , which causes the 
amoebic dysentery. Amoebae are mostly minute forms, but some like the 
Pelomyxa palustris arc giants and measure up to ico mm. The common 
species is Amoiba proteus , which occurs in clean fresh-water containing green 
vegetation. Its systematic position is as below : 

Phylum PROTOZA 

Suphylum PLASMODllOMA 
Class Sarcodina 

Order Lobosa. With blunt pseudopodia which do not fuse with 
each other. 

Genus Amoeba 
Species proteus. 

Structure.— Amoiba proteus is hardly a quarter of a millimetre in size. 
It is colourless and transparent and has a jelly-like appearance (Fig. 120). It 
has no constant shape but is always changing its outline by flowing, now in 
one direction and then in another. It has therefore been described as a 
shapeless mass of protoplasm. The animalcule has no anterior or posterior 
end and no dorsal or ventral surface. 

Amoeba has no cell-wall but the protoplasm is not naked. There is 
an extremely delicate outer clastic membrane, the plasmolemma. The 
plasmolemma retains the protoplasm within the cell. Immediately beneath, 
there is a clear non-granular ectoplasm. Within this is the bulk of the 
granular endoplasm . The endoplasm is differentiated iito an outer 
stiffer plasmogel and a deeper more fluid plasmosol showing streaming 
movements. 

The endoplasm encloses a disc-like nucleusy which can only be seen 
when the amoeba is killed and stained with certain dyes. There arc also 
several spherical structures called vacuoles. The vacuoles arc of two 
types : contractile vacuoles and food vacuoles. Often one or more 
contractile vacuoles occur. They are spherical liquid-filled spaces, which 
gradually grow larger until a maximum size is reached, when they suddenly 
collapse and discharge their contents to the outside and thus disappear. 
They then reform to contract again. There are numerous food vacuoles, 
in which particles of food enclosed in a watery liquid undergo digestion and 
absorption. There may be in addition crystals, fat globules and other 
granules of various sizes scattered in the endoplasm. 


plasmolemma ^ pseu dopodia 
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Motion and locomotion.— A living amoeba is a restless creature. 
It is always slowly moving and changing shape. Like the leucocytes of the 
blood, the amoeba is constantly throwing out blunt temporary pseudopodia. 
The animalcule simply flows in the direction in which the pseudopodium 
is extending. A pseudopodium continues to advance for some time, but 
soon stops and another is forming already elsewhere and the amoeba has 
changed its direction of movement. The progress of the amoeba is thus 
irregular and apparently aimless. This type of movement is so characteristic 
of the amoeba that it is called amoeboid movement. The amoeboid 
movement is necessarily slow and does not continue long in any one direction. 

^xNutrition. — The food of amoeba consists of minute aquatic plants 
and animals. It feeds on bacteria, diatoms and other Pxptn/na. Amoeba 
has a “taste” for algae, rotifers (a multicellular worm), small flagellates and 
Paramecium. 

Amoeba exhibits a choice in selecting its food. It avoids unwanted 
particles. It also leaves extremely active animals severely alone. 

The food is taken at any spot of the cell-body. When it comes across 
a food particle, the amoeba (Fig 122) simply flows around and above it by 
extending the pscudopodia. The prey is thus engulfed by the flowing 
amoeba. The mode of engulfing varies somewhat with the kind of tood. 
If the prey is moderately active, the pscudopodia arc thrown out wide, 
without touching and irritating the prey until it is fully engulfed. If 
however the food is a meek prey, as for example an alga, the aoemba 
embraces it tightly with the pscudopodia right at once. The food particles 
arc always engulfed with some quantity of water and thus a food vacuole is 
formed. The food vacuole gradually moves about in the endoplasm. The 
prey is killed by an acidic secretion. Later, the food vacuole becomes 
alkaline to enable the enzymes to digest the food. The digested material 
is absorbed directly into the protoplasm and the amoeba simply moves 
away, leaving behind the undigested particles^ v 

Respiration and excretion. — The water in which the amoeba lives 
contains dissolved oxygen. The plasmolcmma membrane permits the 
diffusion of this oxygen inward into the protoplasm and the diffusion 
of carbon dioxide into the water outward. Respiration takes place through- 
out the surface of the animal. 

The contractile vocuole is belWed to have an excretory function. 
Its main function is to regulate the water-content of the cell body. It has 
been picturesquely described by Buchsbaum as “a pump in a leaking ship, in 
which the pump must be kept going all of the time to keep pace with 
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the incoming water”. Amoeba lives in water and the water constantly 
leaks into the protoplasm by diffusion through the plasmolemma. It is also 
taken in with food. Water is also a waste product of metabolism. But for 
contractile vacuoles, which expel the excess water periodically, 
amoeba is in constant danger of getting diluted. 



Vic. 121. *>i:»ui\ r '- •- ; i.» Am ihu polyitod-a. A. Amoohn just before the 
beainnii.u* of !;. NuH- .-4 rt* «livi«iinp. (*. Nucleus divided into t jro. D-V. 

Tin* cell l>«»«ly fli\ * int-> l”.. V. Ivo’new «Uui{lit<r **inoelme. (Modified from 
Doflt ti's "l.thtbr- b </. r I’ll'- ... .1 oftrr F.P. Schulze). 


p/feeproduction.- Vi'hcTt food is plentiful and other conditions are 
favourable, the amceba g:ows rapidly in size. It then reproduces by 


undergoing binary fission (Fig. i2i) or dividing into two by mitosis. 
Amoeba reproduces once in every few days and each division requires only 
about an hour. When conditions are unfavourable and the water in which 
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^ ihe amoeba lives is drying up, it undergoes multiple fission (Fig. 122) 
and sporulation. 
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Fio. 122. Amoeba. A-K. Stages in the ingestion of food. Tlie arrows indicate 
tho movement of protoplasm into the pseudopodiu (Modified from Rrhdffer), 
L*R. Stages in sporo formation in Amoeba proieus. L Reproductive cyst. M. Section 
through a group of reproductive cysts. N. Section through a siuglo cyst. (). Section 
through a cyst that shows hundreds of nuclei differentiating into paeudopodiospores at 
tho periphery. P. Free pseudopodiospore. Q. Peripheral nucleus from O. R. Cyst 
■nuclei in division. (After Sclieel). 


The pseudopodia are withdrawn and the amoeba becomes spherical. 
Distinction between ectoplasm and endoplasm ceases. After a time 
the amoeba starts rotating slowly but without locomotion Three thick layers 
or cyst walls develop externally. The nucleus divides amitotically 
into about five hundred bits. Each nuclear bit is now covered by a nuclear 
membrane and becomes surrounded by cytoplasm. These arc the 
pseudopodiospores and are the resting stages of the amoeba. I11 this 
encysted condition the pseudopodiospores can withstand prolonged and 
complete desiccation. The cysts are blown by wind and dispersed far and 
wide. When again the cysts become wetted by water, the cyst wall bursts 
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and the pseudopodiospores escape. Each one of them grows up in due time ^ 
into an adult amoeba. 

Although amoeba has no sex, it reproduces its kind by sexless 
methods of division and spore formation. The reproduction in amoeba 
is thus asexual , in contrast to sexual method of the frog. 

Behaviour.— Amoeba has no complex organs of special sense. It 
can still respond to various kinds of stimuli. It can, for example, distinguish 
food from particles that are not useful. The responses of the amoeba to th£ 
various changes in its environment constitute the behaviour of the animal. 

When hungry, amoeba seeks food. Contact with food draws out 
the pscudopodial processes. Amoeba avoids very strong lights. When 
it is creeping slowly away from a strong ray of light, if it comes repeatedly 
against strong light, it soon changes its direction of movement. Temperature 
changes affect the amoeba very markedly. Both near freezing point 
and at temperatures above 30X its activities come to a standstill. If 
an amoeba is poked with a fine-pointed needle, it reverses its direction 
and moves away. If the poking is repeated vigorously, it contracts 
into a ball-like mass and feigns death by remaining motionless for 
sometime. *’ 

The behaviour of the amoeba emphasizes what can be achieved 
even in the absence of complicated tissues and organs. It shows that 
protoplasm can very well carry on all the varied vital activities like 
ingestion, digestion, egestion, respiration, excretion, response to stimuli, etc. 
Amoeba exhibits avoiding reaction against obstacles such as the 
needle -prick and other unfavourable environments like strong light. After 
a number of repeated aii* .opt', it can find the best kind of existence. It is 
able to ler.i.. -ri nl-nnd-rrror-method. Amoeba is thus adaptive , 

in other words n can modify its behaviour by experience. All these 
charade 1*. are exactly the same as in man. The life processes of an 
amoeba aic rot in any way essentially different from those of man. The 
only difference one cf degree and not of quality. 

SYNOPSIS 

1. Amoeba i« a protozoan without a shell and without permanent 
organelles of locomotion end feeding. 

2. Pscudopodia not only bring about locomotion but also engulf 
food particles. 

3. Respiration takes place on the entire surface of the cell body. The 
contractile vacuoles eject the excess of water. 
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4. Reproduction is by binary fission when conditions are favourable 
and by multiple fission with spore-formation when unfavourable. 

5. Amoeba is capable of response to stimuli like all other animals 
and it is adaptive in exactly the same way. 

Other Important Sarcodina 

A number of harmless and pathogenic Amotbae live in the intestine of 
man. Entamoeba coli , for example, is a harmless species which lives 
as a commensal in the upper portion of the large intestine, where the 
faeces is yet pulpy. The life-history includes an asexual multiplication 
and a spore-formation, leading to cysts with 8 nuclei. Healthy individuals 
become infested by accidental ingesting of the cysts. 

Entamoela histolytica inhabits the small intestine of man in whom 
it causes enteritis or amoebic dysentery. It ingests epithelial cells, bacteria, 
leucocytes and erythrocytes. In addition to dysentery, it also gives rise 
to abscesses of liver, lungs and occasionally of brain also. It forms cysts 
differing from those of E. coli in having only four nuclei. 



Kio. 123. Phylum Protozoa. Classes Mustigoplmrn and Ciliatn. 


MASTIGOPHORA 

The MASTIGOPHORA (mastiy= whip, phoros= bearing), also commonly 
\ called Flagellata, are a remarkable group of Protozoa (Fig. 123)- 1 he y have 
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one or more whip-like threads, which arc used as locomotor organelles. Many 
of them contain chlorophyll and synthesize carbohydrates like green plants. 
They are mostly free-living but some like Prolerosporgia and Volvox form 
colonies. Some like the phosphorescent Kocliluci are purely marine. A 
number of Mastigophora are pathogenic parasites of man. Trypanosoma 
gambiensc causes the dreaded “ sleeping sickness” in Africa. Leishmania 
donovani causes Kala-azar and L. tropia the oriental sore in India. 

The Mastigophora differ from the Sarcodina in the presence of the 
flagellum or the whip-like thread. 

Classification 

Class MASTIGOPHORA 

Subclass 1. PiiYTOMAfiTic.iMA. Plant- like flHCctlotM. 

Order I. Dinoflagellata. Example : Xori-luca. 

Order 2. Euglenoidina. Kxnmplc: Eiujlena. 

Order 3. Phytcmoradina Example : Voln.x. 

Subclass H. ZiHiMAnmiNA. Animal-like flagellate*. 

Order 1. Protomonadina. Example: Trypannnnni'i 

Order 2 Polymastigira- Example: fUnriln. 

2. EUGLF.NA 

Occurrence and Systematic position. — EugUna is one of the most 
common Mastigophoia found in fresh-water. It often occurs in such large 
numbers that a green scum appears on the surface of water. There arc many 
species but Ruglcna riridis and R. gracilis arc cosmopolitan forms. They 
occur in a variety of situations, for example, in ponds, tanks, stagnant water 
basivs and flower vases. The systematic position of EvgUna is as follows : 

Phylum PROTOZOA 
Subphylum PL A KM Ob ROM A 
Class MASTIGOPHORA 
Order Ragl* nnccat 
Genu* Eagkna 
S;*vCics rind is. 

Structure — >• .>.: (Mg. 124) differs sharply from amoeba in having 
a constant shit, r. It i! o :.i anterior and a posterior end. Its cell body 
is elongate; V :;h the oi.»v'*or end broadly truncated and posterior end 
pointed. The eorst;.i:i hap.* of .he cuglena is due to the presence of 
a thin flexible cell -.vail or pellicle. The pellicle is marked by parallel 
striations running GMiquelv across the cell body. Within the pellicle 
is a thin ectoplasm surrounding a granular endoplasm. 

At the anterior end there is a funnel-shaped depression the cytostome 
or “cell mouth.” The cytostome leads into a short cytopharynx or 
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<c cell gullet From the cytophaiynx there emerges a long thread-like 
transparent flagellum. The flagellum consists of a contractile axial 
filament surrounded by a delicate sheath. It arises from a granular blepha- 
roplast in the ectoplasm 


A 



Fig. 124. Evgler.a v'.ridi*. Structure. A. Surface \ iew. B. Intern"! '*• • » 

Just behind the cytopharynx there is a permanent I .g<* globose 
reservoir. Close by is located a vacuole into which several smaller 
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^contractile vacuoles empty their contents. The reservoir ejects its contents 
through the cytopharynx at intervals. On one side of the reservoir is 
the eye-spot or stigma that is sensitive to light. A sphciical nucleus lies 
near the anterior end in the middle. 

The green colour of the cuglena is due to the presence of a number of 
circular discs, the chromatophores. The chromatophores contain 
chlorophyll Among the other cytoplasmic inclusions arc granules of 
the carbohydrate paramylum allied to starch and pyrenoids , which 
arc proteids. 

^ locomotion.— Euglcna moves in different ways : it can swim, creep, 
squfrm or roll. The flagellum is the organelle of locomotion It beats back 
and forth and draws the body of the cuglena through the water in a 
spiral rotation. The result is that the animal progresses in a straight line, 
while the cell body is itself twirling. • • # 

When moving on a solid substratum, cuglena squirms in a characteristic 
manner described as eugelnoid movement (Fig- 125). The cell wall is 
clastic and permits considerable change of shape. The cuglena swells up at 
, the posterior end, then in the middle and finally in front. These contractions 
resemble the peristaltic contractions of the alimentary canal of frog. 
The squirming is combined with slow sinuous movements resulting in 
a forward progression. 

t^utrition.-Thc nutrition of cuglena is largely holophytic. The 
eulgena synthesizes carboh\dr?.tcs from the elements of water and carbon 
dioxide with the help of chlorophyll of the chromatophores in the presence 
of sunlight. The prcduct of this photosynthesis is a carbohydrate 
called paramylumy which is allied to the starch synthesized by the green 


plants. 

Euglcna varies its diet by saprophytic nutrition. The decaying 
organic matter dissolved in the water is absorbed by the animalcule. 
Euglcna can thus exist even in the absence of sunlight. 

Respiration and excretion - Respiration takes place by the entire 
surface of the cell body. The carbon dioxide produced in respiration is 
undoubtedly re-utilized in part within the ccllbody in photosynthesis. It is 
equally probable that the oxygen liberated in the photosynthctic process 
is also used up for respiration. Excess water and other wastes collect in the 
contractile vacuoles. These empty the wastes into the reservoir, whence 


they are expelled through the cytostome. 

/Reproduction.— Euglena reproduces asexually like amoeba 
goes mitotic binary fission along the length of the cell body. 


a. Itundcr- 
Thc anterior 
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organelles are duplicated by the growth of new ones. Fission begins m the 
anterior end and progresses backward. The nucleolus withm the nucleus is 
peculiar in some respects and it is called nucleocentrosome. This 
elongates and the chromosomes lie parallel to it Then they gather around 
the middle of the nucleocentrosome and split up longttud.nally. Their 

halves separate and travel to opposite ends. 

Under conditions of drought euglcna becomes encysted m a thick 
gelatinous wall, after losing the flagellum After a period of rest, the 
encysted euglcna undergoes longitudinal fission by mitosis. These daughter 
euglcnae become encysted within the parent cyst and unde, go further 
subdivision. When favourable conditions return, the cyst bursts and the 

young cuglcnac escape and develop flagella. 

Behaviour.— Euglcna reacts to various stimuli in much the same 

manner as amoeba, but it is attracted by light. 

Comparison between amoeba and euglena.- Euglena diiters sharply 

from amoeba in several respects : 


Amoeba 

1. Shape not constant 

2. Cell wall absent 

3. Locomotion by pscudopo'dia 

4. No cytostomc, cytopharynx or eye- 

spot 

5. Nucleolus normal 

6. Food vacuole* 1 present 

7. Con: vac til- vacuole*, empty to the 

o>o ide anywhere from the coll 
body 


Euglena 
Shape constant — 

Cell wall present 

Locomotion by flagellum, con- 
traciing and spiral squirming of 
cell boJy 

Cytostomc, cytopharynx and cyc- 
spot present 

Nucleolus a nucleocentrosome 
Food vacuoles absent 
Contractile vacuoles empty into 
the reservoir, which in its turn 
empties into cytopharynx and 
thence to the outside 


8. Chlorophyll absent, sisririticn liolo- 

zoic 

9. Binary fission in any pi ;*.c 


Chlorophyll present, nutrition 
holophytic and saprophytic 
Binary fission always longitudinal 


Oirr I.vmoRMNT Mastigophora 

(biardia (formerly /.-•*. ' W dinalis (Fig. 123) is a pear-shaped, bila- 

terally symmetrical il.'gcllate »n *• c ors in the duodenum and small intestine 
of man. It possesses . • •. v ?:-* side an oblique depression, functioning 

as a sucker. There is no cyionnme but there arc eight flagella. It 
multiplies and sets up inflammaiuii of the intestine and thus leads to 
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diarrhoea. The resistant cysts that are voided with the faeces, when 
accidentally taken in water or raw vegetables, cause infestion.^) * - 

Trypanosoma (Fig. 123'. possesses a single flagellum that forms an 
undulating membrane. They are pathogenic parasites in the blood of 
Vertebrates and in the digestive tracts of insects 

Trypanosoma gamhiense and T. rhodesiense arc polymorphic species 
that occur in human blood and give rise to the dreaded African “sleeping- 
sickness.” They multiply by longitudinal fission, till the blood swarms 
with the parasites. Then they gradually disappear from the blood, but 
occur abundantly in the neural canal, spleen, etc. After a period of rest, 
the parasites re-enter the blood and multiply. The victim becomes weak 
and anaemic due to the toxic nature of the metabolic wastes of the parasite. 
The parasites ultimately invade the cerebrospinal fluid that surrounds the 
brain and fills the ventricles of the brain. The person loses consciousness 
and sinks gradually into a comatose condition from which he never wakes 
up. The parasites are transmitted by the blood-sucking Glomna or tse- 
tse-fly. When this fly sucks the blood of infected antelope or man, it 
takes in a number of the Trypanosoma individuals. The parasites undergo 
further change in the digestive tract of the fly They continue to multiply 
and in about 16—20 days, long, slender trypanosomes migrate up the 
alimentary canal and reach the salivary glands of the fly. Here again they 
continue to change and multiply and give rise to short stumpy forms. If 
such an infested fly bites a man, the infective forms are injected into his 
blood, where they rapidly multiply and in due time cause sleeping-sickness. 

Trypanosoma ei an*i causes the “surra” disease in horse, mules, camels 
and cattle in India, Burma, Indo-China and the neighbouring countries. 
Fever, emaciation, oedema, weakness and paralysis lead on to death. The 
parasite is transmitted by the blood-sucking flies Tubanus and Stomoxys. 

Leislmania donavnni causes the notorious kala-azar of man in 
India. The victim becomes emaciated, with greatly enlarged spleen. The 
Leishman-Donavan bodies , as the parasites are commonly ca'led, are 
found in the cells of the capillaries of liver, spleen, bone marrow, lymph 
glands, etc. The common bed-bug is suspected to be a vector of the parasite. 

Leidhmania hopica causes the so-called Delhi-sore or Oriental-sore 
in India, Persia, Arabia and other places. The sandflies, Vh’iboUm"'* are 
suspected to transmit the parasite 

Voltox ylobalor (Fig. 126) is a colonial Flagellate common in most 
stagnant waters. It is essentially a hollow sphere about half a millimetre in 
J diameter. The wall of the sphere is composed of about ten thousand cells m 
/-* 
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arranged in a single layer. Each cell has its cell envelope, which the cell 
contents do not entirely fill up. As the envelope of each cell is pressed by 
those of other cells all round, the sphere has a hexagonal or honeycomb-like 
surface. A colonial envelope of the same material as the cell envelope 
covers the sphere. 


Fig. 1 *J*» A. 'i 1*0:07.0:111 colony lliiil livo* in pomls and h\\ inis 

by th« nctioii *•!’ Trn ’ , •••fi • -.•«! |>to(<>p!<isin •• .•‘iruml* (H & C) iH'igh* 

b'-minn re)K I>. :• . .|n ::- n mill <Icvi lt>] inct.t «•!' I 'oln.r : a. fi’t 1 lli/.od 

y.jV«»}r, b. pni“)*:otl \ /%_’••!•• into luo, J-c. succv^ivo divisions. 

/. yu'JItg colony it. JV »v. [ I rr>i •.«■»»/ <••*#* /\ • n'h'r ai <1 Koll >kcr). 


The cells tr.ai compose rhe colony arc connected together by proto- 
plasmic bridges. cell has cytoplasm, nucleus, contractile vacuole, 

chromatophore, amylum body and paired flagella on the outer surface. 
The united movements of the flagella of all the cells bring about locomotion 
of the entire colony. 


iV ivy 
cctry / QClo'ircos 
cell tody main* 
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These somatic cells reproduce by binary division and increase 
the size of the colony. They cannot however produce a new colony. . 

Eight specialized cells, called parthenogonidia, ensure the produc- 
tion of a new colony. Each parthenogonidium repeatedly divides within its 
envelope. A miniature spherical colony thus projects into the central 
cavity of the parent colony. It escapes in due course and grows into 
an adult colony. After several such asexual colonies, the macrogametes 
and microgamates of the sexual generation appear in the colony. 
Fertilization of the macrogamete by 'the microgamete yields the zygote , 
which in winter encysts within a double-layered envelope. In the spring 
it repeatedly divides and produces a new colony. , % 

Comparison Between A Protozoan Colony and A Metazoan Animal 

A protozoan colony is -a multicellular body i with physiological 
differentiation of the cells almost as in the metazoa, y There arc however no 
true tissues. The digestion of the food is intracellular in the colony 
but extracellular in the metazoa. Development of ‘the two classes 
of animals is also essentially different: the body of all the metazoa is 
formed out of two or more germinal layers. '• The Protozoan colony 
lacks these layers. The colonial Protozoa probably mark a step in 
the transformation of Protozoa into metazoa. 

SPOROZOA 

The Sporozoa are parasites.— The Sporozoa lead a parasitic life. 
A parasite is an organism that lives in or on another, the host, derives all 
benefit from this association and causes harm to the host. The parasite 
obtains its food and shelter at the cost of the host. The host can live 
without the parasite and indeed healthily, but the parasite cannot exist 
without the host. 

Ectoparasites live on the surface of the body of their hosts 
and endoparasites live within the body. Many parasites manage to 
get transferred from one host, which they have improverished or almost 
killed, to another intermediate host , which transmits the parasite from 
one definitive host individual to another. Many of the Sporozoa cause 
various diseases in th.’ir hosts and are therefore pathogenic parasites. 

A parasitic mode of life ensures unpaid shelter and food. The 
parasite has thus not to “work hard for a living”. Ready-made tood 
comes to it; it need not have special food-catching organs. It need 
not even move; locomotor organs are absent. The Sporozoa arc obligatory 
parasites, which are incapable of leading a free life. They there on* 
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lack pseudopodia or flagella. They have no cytostome and no food 
vacuole. Even a parasite must reproduce. The method of reproduce m 
the Sporozoa is perhaps the only complicated thing about them. 

The Sporozoa live in all sorts of organs of their hosts : some live 
in the blood, others in the gut, kidneys and vatious other organs. 
All are pathogenic parasites. 

Classification. 

,^/ClHSS SPOROZOA 

Subclass I. Telospobidia 

Order I. Gregarinida. Example : MonaysH* purutitic in earthwoim. 

Order 2. Coccidi. Example : Elmer. a parasite in tlio liver of mammals. 

Order 3. Haemosporidia. Bloo.l parasites. Example: Malarial parasite of 
man. 

Subclass II. Neosbokiima. Parutites in fi*l:ea t Arthropodu, etc. 

3. THE MALARIAL PARASITES OF MAN 

Bionomics.- Malaria is the most deadly of all diseases of man in 
the world as a whole. Malarial fevers arc characterized by the periodicity of 
the symptoms, deposition of a pigment in the tissue and by the enlargement 
of the spleen. Other animals besides man, for example, monkeys and 
birds, also suffer from malaria 

In 1880, a French army physician, Leveran, discovered that malarial 
fevers are caused by a sporozoan parasite, which develops in the red 
corpuscle of man. There are three types of malarial fevers in man : 
the tertian, quartan and pernicious or tropical malaria. The 
first two are intermittent but the tropical malaria is continuous 
and irregular. In the tertian ague there is a recurrence of fever every 
•bird day and in the quartan every fourth day. The tertian fever is 
caused by Ph.<im.dlum *he quartan by Plasmodium malariae 

and the pemMcus maL-ia is caused by l.ar ( runia malariae (often wrongly 
called rfctw-itiuw iwitr’-u/'ihim and P. /ahi/Hirum). The systematic 
positions of these three species of malarial parasites arc as follows : 

Phylum PROTOZOA 

SubphyU-m I .n MOhhOM .! 

Class sreiioz >.\ 

Subclc. s Tclostumdh 

Order 11 Jcirosporidia 
Family Plasmodiidac 
Genus La vt ran in 
Species mulanac. 
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Genus Plasmodium 
Species vivax and malaria*. 

Malarial fevers arc transmitted from one person to another by the 
bite of the females of the mosquitoes called Anophtle*. The female 
mosquito alone sucks blood and the male is incapable of feeding. The 
Anopheles punctures the skin and sucks the blood. While doing so it 
pours into the wound a quantity of saliva to prevent the clotting of 
the blood. If the person thus bitten by the mosquito is suffering from 
malaria, the malarial parasites are also sucked up with the blood by the 
mosquito. The parasites complete their development in the mosquito and 
reach its salivary glands. When this mosquito bites a healthy person, 
the parasites are injected into his blood with the mosquito’s saliva. 

The malarial parasite has thus two hosts : Man is the definitive or 
main host and the mosquito is the intermediate host. The malarial 
parasites are as truly parasitic in the mosquito as in man. They cannot 
complete their full life-history in the absence of either of them. The 
parasites reproduce ascxually in man and sexually in mosquito. There is 
thus an alternation of asexual and sexual generations and of hosts. Such a 
mode of reproduction is called cyclic heterogenesis . 

Life-cycle In Man 

The life-cycle of the malarial parasites in man comprises i. growth 
in the red corpuscles. 2. schizogony or multiple fission and attack of 
healthy corpuscles and 3. formation of gametocytcs. 

Growth. -/When an infected Anopheles bites a healthy person, it ' 
injects into his blood the sporozoites of the malarial parasites with 
its saliva. The sporozoites are minute eel-shaped cells, which actively 
wriggle about among the corpuscles. Each sporozoite immediately attacks 
a red corpuscle and pierces its ,way into it. by the pointed end. 3 When 
inside the corpuscle, the sporozoite becomes rounded into an amoebn- 
like trophozoite. It is now safely lodged and is assured of abundant and 
rich food. It proceeds to feed on the substance of the corpuscle. It throws 
out pseudopodia and grows steadily in size. A conspicuous vacuole appears 
near the nucleus. As the trophozoite grows in size, granules of melanin , a 
brown pigment, appear in its cytoplasm. Ultimately the trophozoite almost 
fills the red corpuscle, which it has by now destroyed. . 

Schizogony.— The trophozoite now commences to reproduce asexually 
by multiple fission within the almost dead red corpuscle. This process of 
reproduction is known as schizogony , and the trophozoite which is ready 
for schizogony is a schizont. 


I9 g INTRODUCTION TO ZOOLOGY 

The nucleus of the schizont repeatedly divides 'until about a dozen 
nuclei are produced. The melanin granules accumulate in the middle. 
The cytoplasm becomes segmented off round each nucleus and thus a 
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number of merozoit rrcduced. The red corpuscle now bursts 
and the merozoites escape into the plasma. They at once attack healthy red 
corpuscles. One entering these, the merozoites once more become tropho- « 
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/oites, grow at the expense of the red corpuscle and again reproduce by 
schizogony This gives rise to another generation of numerous merozoites. 
In this manner the red corpuscles arc destroyed in progressively increasing 
numbers. The person suffering from malaria thus suffers from anxmia and 
melanin becomes deposited in spleen, liver, kidneys, and blood capillaries of 
the brain. 

The duration of growth and of schizogony differs in different species. / 
In Pl iamodiutn vivax a cycle is completed in forty-eight hours, so that the ' 
merozoites escape every third day This causes the tertian fever. 
Schizogony in P. malar iae requires seventy-two hours, so that the merozoites 
attack fresh corpuscles every fourth day and the quartan fever is caused. In 
iMveraniu malarxae schizogony period is irregular and there are always 
some merozoites attacking healthy corpuscles, thus causing irregular or 
continuous fever. < r • • t • 

Formation of the gametocytes.— After a certain number of generations 
of merozoites, schizogony ceases. The trophozoites do not undergo multiple 
fission, but give rise to larger macrogametocytes and smaller 
microgametocyteSi which arc the sexual reproductive bodies. No 
further development is possible in the human blood. The gametocytes 
occur in large numbers in the blood and if no Anopheles sucks them 
up with the blood, they are all destined to perish. The anopheles mosquito 
comes to their aid in their hour of danger. 


Life-cycle in the mosquito 

The life-cycle of malarial parasites in the mosquito includes 1. the 
sexual reproduction and formation of ookinete and 2. spore formation or 

sporogony. * 

Sexual reproduction.— If an anopheles bites a malarial patient, it sucks 
with bis blood all stages of the malarial parasites. The trophozoites and 
merozoites die in the alimentary canal of the mosquito but not the 
gametocytes. 

The gametocytes are actually stimulated to further development by the 
digestive fluids of the alimentary canal of the mosquito. The macrogame- 
tocyte escapes from the red blood corpuscle. Its nucleus divides into two 
unequal portions. The smaller is thrown off as a polar body and the other 
gathers the cytoplasm around itself and thus becomes a macrogamete 
ready for fertilization. t ^ 

The microgametdcyte becomes rounded and ejects the melanin 
granules. ^Tmimber of slender, clear, thread-like processes of the cytoplasm 
form on the surface. These lash about vigorously. The nucleus has by 
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^\\xhis time divided into eight karyosomes. Each karyosome enters one 
of the lashing threads, which now wriggles away as the microgamete. 

The macrogametes and microgametes fuse with each other and form 
zygotes. The zygote then becomes elongated like an euglena and is called 
ookinete ^ The. ookinete bores its way to the surface of the gut and 
becomes encysted on the wall of the alimentary canal of the mosquito. 

Sporcgony.— The oocytes or the encysted ookinete absorb nourish- 
ment from the tissues of the mosquito. The mosquito thus becomes 
diseased and swellings develop on the surface of the gut. 

The oocyte nucleus divides repeatedly and each nuclear bit becomes 
surrounded by cytoplasm. Thus numerous sporoblasts are formed. 

The nucleus of the sporoblasts again divides several times and slender 
eel-shaped sporozoites arise in about ten days. The oocytes now burst 
and liberate the sporozoites in the body cavity of the mosquito. They 
somehow reach the salivary glands of the mosquito and there wait for 
a chance to enter the body of man again when the mosquito bites him. 

Significance of the complicated life cycle.— The complicated life- 
cycle of the malarial parasites is an adaptation for an endoparasitic mode of 
life. An endoparasite cannot continue indefinitely in the same individual of 
its host. The parasite is a drain on the vitality of the host. The metabolic 
waste products of the parasites have often a toxic effect on the host. 
Sooner or later the host is destined to be killed due to the cumulative 
effect of the loss of vitality and toxins, as well as destruction of vital 
organs or tissues. The death of the host means death of the parasite 
too., unless the Miter manages to leave the host before it dies. An 
endoparasite J.us i.uc with the very difficult problem of escaping 
fVom the dying host and seeking another healthy individual. 

: l.v mala.ia! perasi;*. ;,as nun aged to solve this problem with the help 
01 Anopheles. Clcaily \u;y highly prolific reproduction is an advantage 
in this c*sc. The enormous numbers of offsprings produced by schizogony 
ensure that a few at icast arc sucked up by the mosquito. Again the 
h-gh fecundity of sexual reproduction followed by sporogony similarly 
ensures that 3t ica?t a few will manage to get introduced into a healthy 
man. 

I he necessity ft r high fecundity is due to numerous uncertainties. 
The parasite can develop only in the females of Anopheles mosquito but not 
any other kind of mosquito. Even then not all species of Anopheles 
favour its development. Only some species arc able to transmit malaria. 
Of the several individuals of the right species of Anopheles which might suck 
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the blood of man and take in the malarial parasites, none may find 
** an opportunity of again biting a healthy man when the sporozoites are ready, 
waiting in its salivary glands. Unless a very large number of offsprings 
arc produced the chances of survival for the malarial parasites are very few. 

Anopheles that act as intermediate hosts. — The malarial parasites 
cannot develop in all species of Anopheles equally well. In some of them 
they cannot at all survive. The following species of Anopheles arc 
important transmitters of malaria : Anopheles culicifacies , A. etep/unsi , A. 
minininsy A. fluvial Hi# and A. sundaicus The extremely commop A. 
subpictns docs not appear to have much relation to the incidence of malaria. 

SYNOPSIS OF THE LIFE-HISTORY 

I. In man 

1. Sporozoites attack erythrocytes. 

2. Inside the corpuscles they become trophozoites 

3. Trophozoites grow and become schizonts 

4. Schizonts reproduce ascxually by multiple fission and give rise to 
several generations of merozoites 

5. Merozoites escape fiom the dead corpuscles and attack fresh 

J ones 

6. Trophozoites become gamctocytes 

7 The gamctocytes arc sucked up by the Anopheles. 

II. In Anopheles 

1. The gamctocytes become macrogamctes and microgametes 

2. The microgametcs fertilize the macrogamctes 

3. The zygotes become ookinete 

4. Ookinete burrows to the surface of the gut and becomes encysted 
as oocyst 

5. The oocyst pioduces sporoblasts 

6 . Sporoblasts produce sporozoites 

7. Sporozoites reach the salivary glands and arc introduced into 
man with the saliva when the mosquito sucks blood. 

CILIATA 

The Ciliata possess cilia or fine hair-like processes of the c toplasm 
as locomotor organelles (Fig. 123). They differ from the Sarcodina and 
Mastigophora in the greater differentiation of structure. Defensive organelles 
exist. Nuclei are two. Reproduction is also relatively advanced. 

Ciliates inhabit fresh and salt waters. Some arc sessile and many are 
parasitic. Balantidium colt occurs in the alimentary canal «.» man and 
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OpaUnn (Fig. .23) in that of the frog.' Some of the encysted Ciliata are 
capable of withstanding extremes of temperature like - -180 C and +106 U 
The Ciliata are also often called Infusoria because they breed 
in infusions of hay and dry leaves. 


Classification.— 

Class CILIATA — Cilia locomotor orcauolle. 

Subclass I. FROTOCILIATA. Without ryfcwtom* ; the two nuclei are not 

differentiated. Example : Opal tun 

Subclass II, BUCIUATA. With cytostome : macro and micronuclei present. 


• Order 1. Holotbicha. Cilia uniformly distributed. 

Suborder I. Gynxnoslomala. Cyiostomo closed except at feeding. Example: 

Didinium 


Suborder 2. Trichosloinata. Cytostome permanently open. Example; Famine- 

ciwm. 


Order 2. Spibotricha. At least the ventral sido with cilia. 

Suborder 1. Helerolrlcha. Examples: Bo'ntid'um and Slenlor. 

Order 3. Pkiiitbiciia. Stalked, l>ody cilia alwent. oral cilia present. Exam- 
ples:'' Yorticella, Epislylis. 


•4 PARAMECIUM 

Occurrence and systematic position.— The Paramecium is a free- 
swimming complex protozoan, which lives in fresh-water rich in dead 
and decaying vegetable matter. It is abundant in waters in which there is 
plentiful of bacteria. It is common in most stagnant waters and in infusions 
of hay, leaves, etc. 

Paramecium is a cosmopolitan Infusorian. A few species arc marine. 
There arc several species, of which three arc quite common in India : 
Paramecium annlia, P. bursaria and P. caudatum. P. caudulum is of world- 
wide distribution and is the most abundant of all in India. It is found at 
all times in any stagnant water containing dead leaves. P. aurelia is smaller 
than caudatum and bursaria and often contains numerous small algae 
within. 

The following is the systematic position of Paramecium : 

Phylum PROTOZOA 
Subphylum Cl HOP it OR A 
Class Ciliata 
Subclass E u c « l > a 
Order H o 1 o * r i z h a 
Suhorder Trichostomata 
Family Pacameciidae 
Genus Paramecium 
Species mud a him. 
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Structure. — The paramecium differs from amoeba in having a constant 
shape. The cell body is elongated and somewhat flattened. It has a 
broader and rounded anterior end and a gradually tapering posterior end. 



It is widest just beyond the middle. The body outline has been fancifully 
compared to the sole of a slipper and hence paramecium is often also called 
slipper-animalcule. 
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It has a ventral surface indicated by the oral groove . It begins from 
the anterior end and runs diagonally back nearly to half the way on 
the ventral surface. It ends in the median line in a large funnel-shaped 
depression, the cytostome • The cytostome opens in to a short 
cytopharynx ending in the endoplasm. Behind the cytopharynx is a 



membrane 
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contractile 
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l-N. P'i.nmtritun ca * da/ ton. Structure. 

temporary cylopyge or cell-anus. Like cuglcna, paramccium possesses a 
thin clastic pcilicic. When the paramccium is treated with silver salts 
and specially prepared let the inicriscope, the pellicle shows hexagonal 
cup-like areas bounded by ridges (Fig. 130). From the centre of each 
of these areas projects a fine hair-like process called cilium (pleural cilia) of 
the ectoplasm. Each cilium is connected to a basal granule beneath 
the pellicle. The granules arc joined by longitudinal fibrils. The granules 
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and the fibrils comprise the neuromotor co-ordinating system, resembling 
the neivous system of the frog. They co-ordinate the movements of the 
cilia. The cilia are distributed uniformly all over the surface in definite 
longitudinal rows (Fig. 128). The rows of cilia in the oral groove arc fused 
together to form two longitudinal undulating membranes. The 
arrangement of cilia near the oral groove is such that a current is created in 
the direction of the cytostome. 



Fio. no. Surface view of tlio polliclo of Parumar.ium allowing tlio cilia centered 
in hoxitgonul urouH uml connected together by tho neuro-motor ayhlein. (Adapted from 
Lund). 

The cytoplasm is differentiated into ectoand endoplasms. Just below 
the pellicle the ectoplasm contains numerous cavities, the trichocysts, 
filled with a liquid. If the paramccium is irritated, the trichocysts 
explode and long filaments stick out. The trichocysts arc organelles 
of defence and perhaps also of offence. The endoplasm contains fat 
droplets, food vacuoles, two contractile vacuoles and two nuclei. The 
larger of the two is the macronucleus or meganucleus and the smaller 
micronucleus. The macronucleus governs the vegetative functions of the 
animalcule and the micronucleus takes part in the reproduction of 
paramccium. The endoplasm also contains mitochondria and Golgi bodies. 

Motion and locomotion.— The most striking feature of paraim iuin is 
the , speed of its movements. A paramecium can bend round an 
obstacle and squeeze itself into spaces narrower than its body. it is nlw.iys 
rolling over itself. The cilia are constantly “beating” or waving. All the 
cilia in a row do not beat at the same time but one aii.-i .mother, 
that a wave of beating passes by. Locomotion is brought about by 
the ciliary movement. The cilia beat backward, starting troni the 
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anterior end. Just as the backward stroke of the oar carries a boat 
forward, the backward beat of the cilia carries the paramecium forward. 
The cilia however do not strike straight back but obliquely so. This 
causes the paramecium to rotate on its own longitudinal axis as it 
moves forward Further, the cilia on the oral groove beat faster and 
more vigorously than the rest, so that the anterior end swerves dorsally. The 
result of all these combined movements of forward push, axial rotation 
and swerving is that the paramecium follows a spiral path, (Fig. 131) 



Fl,i. |3|. Locomotion in I'uranticiiiM. Tim animalcule rolls upon itself and, 
swims in 11 spiral in .inner, so that the asymmetrical body moves in a direct line. 
( Minified from ./emi/ui/n). 


rotating not only on the body axis but also, round and round the axis 
of the path of locomotion. When the animalcule wants to swim backward, 
the cilia beat forward and all the .movements arc reversed. 

Nutrition.— The food of paramecium consists largely of bacteria, 
smaller protozoa, yeast and small algae. The food capturing mechanism 
is much better developed than in amoeba, ^he constant beating of 
the cilia in the oral groove drives a current of water containing food particles 
toward the cyiostome (Fig. 132). The undulating membrane sweeps the food 
particles with a quantity of water down the cytopharynx toward the 
cyrostOMis. A food vacuole is thus formed in the endoplasm. When 
this vacuole grows up to a certain size, it pinches off and begins to circulate 
in the endoplasm due to the streaming movement, cyclosis , of the 
endoplasm. Anoth' . vacuole now begins to appear. The food vacuole is 
at first acidic and as degestion of. the contained food progresses, it 
becomes alkaline. The undigested matter is forcibly ejected by the 
cytopyge. * - ' 

Respiration and excretion — Respiration takes place on the surface 
of the cell body. The contractile vacuoles regulate the water-content 
and also expel other excretory products. Each contractile vacuole is 
fed by about a dozen radial canals. When the vacuole attains a 
maximum size, it contracts and discharges its contents to the outside 
through the pellicle. 
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k ^ Reproduction. — Paramecium reproduces by x. transverse binary 
>n, 2. conjugation, 3. autogamy and 4. endomixis. 

Binary fission.-The micronucleus divides into two by mitosis. 
; macronucleus divides into two by amitosis. A new cytopharynx and 
^ new contractile vacuoles appear. Finally the cytoplasm divides trans- 
sely into two. The two daughter paramecia arc equally large. They 
d and grow before dividing in the samc^way in their turn. Binary fission 
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t 


K.r. 13‘> Paramecium •• Sampling” tho water in front !*y creating 
tho cytopharynx through ciliary action I. afore start, n« to move m 
(Adapted and modified .1 tuning*). 
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direction 


takes place nearly four times in a day, so that in one day sixteen new 
paramecia arise from a single parent. Within a month the enormous 
number of i8o,ooo,ooo individuals can be produced if all the offsprings 
sutvived and if conditions were favourable. 

Conjugation. — Reproduction by binary fission cannot go on indefinitely 
in the p^ramecium. After a certain number of generations, some sort 
of senile degeneration of the macronucleus sets in. The paiamccium 
becomes depressed. Many individuals die and binary fission ceases. ne 
paramecium is revitalised and given a new lease of life by conjugation. 
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In conjugation (Fig. 133) a pair of paramecia come together tempo- ~ 
rarily, exchange the micronuclear material and separate revitalised for 
a fresh cycle of binary fission. Two similar individuals adhere to one 
another by their ventral surfaces, with their oral grooves in close apposition. 



A protoplasmic bridge connects the two. The micronucleus of each leaves 
its position by the side of the macronucleus and swells up. The macro- 
nucleus disintegrates and disappears. In each of the conjugating individuals 
the swollen micronucleus divides into two by mitosis. The resulting halves 
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gain divide mitotically into two, so that four micronuclei result. Three of 
hcse degenerate. The remaining micronucleus again divides into two 
oronuclei . One pronucleus from each of the conjugants migrates 
to the other by way of the protoplasmic bridge The migrating pronuclcus 
' is called “male ” nucleus and ihe stationary one is the “female” nucleus. 
The male pronuclcus of one conjugant goes to the other and fuses with 
the female pronuclcus, thus giving rise to a synkaryon or zygote nucleus. 
The paramccia now separate and swim away as ex.conjugants. 

The zygote nucleus of each ex- conjugant divides by mitosis three 
times, giving rise to eight microrujclei. Four of these become enlarged 
to macronuclci. Of the remaining four, three degenerate. The single 
micronuclcus which is now left divides once more twice and produces 
four micronuclci. At the same time the paramccium also divides into 
two twice, giving rise to four paramccia, each with one macro and one 
micronucleus. Thus from each cx-conjugant four revitalised paramccia 


arise. ... 

Conjugation is not sexual reproduction, because the conjugating indivi- 
duals arc identical and there is no differentiation of sex. The so-called male 
and female pronuclci do not differ from each other in any way. In conjugation 
the union of two individuals is temporary and there is also no fusion of the 
two cells. In sexual reproduction there is always a fusion of two cells. 
Conjugation is thus a temporary union for mutual exchange of nuclear 
substance. It is also called syngamy or marriage of the like. 

The factors that determine conjugation arc not still clearly understood. 
Only the individuals of certain races can conjugate. Paramccia descended 
from a single individual do not conjugate with one another. 


SYNOPSIS OF CONJUGATION 

I. Nuclear changes in the conjugants 

1. Two paramccia unite by their oral grooves. 

2. Macronucleus disintegrates. 

3. Micronucleus undergoes mitosis twice; three of the resulting 
micronuclei degenerate. 

4. The remaining micronuclcus divides into two pronuclei 

5. One of the pronuclei of each goes over into the other conjugant and 

• 9 fuses with its stationary pronucleus. 

II. Changes in the ex.conjugants 

1. Zygote nucleus divides thrice to give rise to eight micronuclci. 

2. Four of these form four macronuclei and three of the rest dcgcnc- 

l s'* rate. 
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3. The remaining one divides twice and produces four micronuclei. 

4. The ex-conjugant paramecia divide twice and produce four 
paramecia, each with one macro and one micronucleus. 

, Autogamy- — Autogamy is a sort of self-fertilization, in which the 
micronucleus divides t cveral times and is then formed once more by the re- 
union of the divided bits. . 

Endomixis — The macronuclcus disintegrates. The micronuclcus 
divides twice. Three of the resulting micronuclei degenerate. 1 he remain- 
ing micronucleus again divides into two and with it the paramecium 
also divides into two. Each paramecium has one m.cronucleus. This 
now divides into two and these again divide, thus producing four m.cro- 
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nuclei Two of these become macronuclei and the other two micronuclc,. 
The animal divides once again into two, each now having the usual one 

macronucleus and one micronuclcus. b inarv 

Endomixis takes place once in about a month after numerous V 
fissions. 
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Natural enemies.— Paramecium is attacked by several natural enemies. 
Amoeba often engulfs and kills small paramecia. The infusorian Dinidium 
eats almost nothing but paramecia and it is the worst enemy. The Din dium 
(Fig 134) has a snout-like prolongation armed with trichocysts. The snout 
pierces a paramecium, which is then gulped whole. Another peculiar 
Infusorian from India, Sphuerophrya is a parasite in paramecium. 

Behaviour.— Paramecium is most usually roaming about hither and 
thither and bumping into all sorts of obstacles. It then backs up, swerves 
a little and pushes ahead again (Fig. 135 . This avoiding reaction is 
exhibited against not only mechanical obstacles, but also against excessive 
heat or cold, irritating chemicals, natural enemies and so on. The beating 
of the cilia sets up a constant cone-shaped current towards the oral 
groove (Fig. 13?). This current actually gives advance information of 
the hot or cold water or irritant chemicals far ahead and the paramecium has 
time to swim back, without actually colliding with it and injuring itself. Para- 
mecium in some unknown way reacts to gravity, because it is able to swim 
with its anterior end up when rising to the surface of the water. It has a 
limited power of “ learning ” by trial-and-crror-method. 

Comparison of amoeba and paramecium — The paramecium is 
more advanced than the amoeba in several respects. There arc complex 
organelles for speed in locomotion and far more efficient capturing of food. 
Reproduction is also much more complicated. 



AMOEBA 


PARAMECIUM 

I. 

Shape not constant 

I. 

Shape constant 

2. 

Plasmolcmma structureless 

2. 

Pellicle reticulate 

3- 

Pseudopodia p-esent 

3- 

Pscudopodia absent 

4* 

Nucleus single 

4- 

Nucleus tw'o 

5- 

Contractile vacuole single 

5- 

Contractile vacuoles two 

6. 

No definite <4 oi ,ur ingestion 

6. 

Oral groove, cytopharynx and 
cytostome serve for ingestion 

7- 

Egesticn at a; y not cell body 

7- 

Egestion at cytopygc 

8. 

No ncuio-nu'tor co-ordinating 
system 

8. 

Neuro-motor co-ordinating 
system controls the cilia 

9- 

Locomotion slow .:rvi irregular 

9- 

Locomotion rapid and regular 

10 . 

Reproduction solely by binary 
h 'ion and spore formation 

10 . 

Reproduction by binary 
fission, conjugation, endo- 
mixis and autogamy. 
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Other Ciliata 

Balantidium coU lives in the large intestine of man and rectum of the 
pig and monkey. It multiplies by transverse fission, conjugation and 
encystment and causes diarrhoea in man. 


Rksumb 

I. Protozoa , 

I. Tho Protozoa aro unicellular organisms without true ...sue. ami organs. 

2 All the vital activities arc carried on willlin .lie limits of the single coll. 

3. Locomotion is effect*! by streaming (p«udapodia> or by lashing movement, 
o! flagella or cilia. 

4. Nutrition is effected either by engulfing or ciliary action. 

5 Excretion is effected by contractilo vacuoles. 

o'. Reproduction, takes place by bin »ry or multiple fission, sporogony. cenju- 
•gal ion, ondomixi*. ole. , , 

7. Many Protozoa aro frca-living but other, arc parasite. in vortou. ammuU. 
Many aro responsible for fatal human diseases. 

g. Th. Protozoa aro olaMilM into I. Sarcodina. 2. Ma.ligopl.ora, 3. Sporazoa, 
4. Ciliata and 5. Suctoria. 

11 * m< Tho Amoeba bolong. to SarcoUm. and occur, in frwl.-wator. Some, liko 
Knlamoeba h .ilolijtKa, cause disease* in man. 

1U. Tho Amoeba ha. no constant -hop.-. It moves and engulf, food by 
pseudopodia. 

II. H reproduces by binary or by multiple fission. 

12. n is capable of reacting t> various external stimuli and also txhib.t* a 
of its own. 

1U i3 EUg Euglcn» .lifters from amoeba in h iving a constant shape iyid in the posscs-i 
of organelles liko llagclluin, cytopl.urynx, etc. 

14. Locomotion in ouglcnu is by movements of tho flagellum 

15. The nutrition is both saprophytic and lulophytic. 

10. Euglciiu reproduces by longitudinal binary fission. 

17 0l, Volvox i. a protozoan colony compow-d of somatic and germ cell.. 

r^^msF***** 

ma/arie. io responsible for malignant malaria. 

10. Tbo mnlnii.ll para.ite. develop ... two bo.t. : man the del.n.l.v 

female Anopholos tho intermodule host. , , ,r,„ r.re hut 

20 They lack complex organelle, and are greatly degenerated ... sir. 

20 - Imve y a complex life-cyelo e. an adapt.. .on for u para..tu l.f . 

21. Tho asexual lifa-cyclo i. passed in man but tho sexual cycle 

tbo female Anopheles. 


IV 
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VI. Paramecium 

22. Paramecium inhabits fresh-water that is rich in decaying vegetable matter. 

It is a slipper-shaped animalcule, covered by cilia, that help in locomotion 
ond food-capturing; There is a neuro-motor system that controls ciliary 

action. 


•-‘3. 


24. 

25. 


action. 

Reproduction is by binary fission, conjugation, endomix.s and autogamy. 

In conjugation two identical individuals meet temporarily, exchange their 
nuclear material and become re- vitalised . 
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CHAPTER VII 

PORIFERA 


PoriferA^The PoRiFfcRA (meaning jort barer) or sponges are lowly, 
multicellular, aquatic animals that are incapable of locomotion and resemble 
plants in gencial appeaiance. Mcst sponges are marine but many occur in 
fresh- water. They are widely distributed and abundant from low tide mark 
to depths of 3-5 miles. They form shapeless flat incrustations on stones and 
other objects or branched, vase-shaped or globose masses, often measuring 
6 ft. high. Most of them are drab-coloured but some are bright red, yellow. 



l*ic. 130. Porifcro. 


Characters^-- The phylum is recognized by the following characters : 

| . Multicellular, diploblostic. solitary or colonial animals i.,ca,^blo of »■ 

2 Body radially symmetrical or without symmetry. 

3 ' B U dy wall with many port* and canal* .l.rougl. which water tlowv 
body wall with skeletal spicule. o( silicon, calcium, etc. |>«. 

5 . Cell, imperfectly arranged into ti M ues. Interior surfaces w.th ,l .e. date e. II 

«. Without mouth, definite digestive tract or other organs. 

7 . Digestion wholly intracellular as in Prototoa. 
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«. Reproduction asexual by buds and gcmmules or sexual by ova and sperms. ' 
9. I.arva free, ciliated. 

Classification. — 

Phylum PC) HI PER A. Many- celled, aquatic. Body with pores communi- 
cating with one or moro internal canals, one of \vl icli is lined by 
collared flagellate colls. Skeleton of spicules. (Fig. 130) 

Class I. CALCAREA. Marine. Spicules of lime, simple or tri radiate. 

Order I. Homocoela. General cpitMium a. singlo sac. Examples: 

Cla'.h ri na, Ltuc in: ten in. 

Order 2. Hktf.ROCOKLA. Epithelium lines ennuis. Examples: Crania, 

Sycon. 

Class II. H EX ACTIN ELLA . Deep-sea forms. Sj iculcs silicioue. Excm- 
pies : I/yalonenm, Eapleclel'a. 

Class HI. DEMOSPOXG1A. Marine and fresh- water. Skeleton of 

spongin. si'.icious spicules present. Canal system complicated. 

Order 1. Tktractinelui'A. Sjieulcs totraxons. Example: I’lank'r.a. 

Order 2. Monaxonida. Spicuhs simple, fn sli* water sponges. Examples: 
CHona, S/tonij'lla. 

Order 3. Kefato>.\. Skeleton «f .-pongin. Example: Eutpnnyia both 
sponge. 

Order 4. Mynorfoncjia. Witla ui skeleton. Example: Oxcarelta. 

% SYCON ^ 

Body wall — Sycon is a simple sponge. The bedv is essentially a 
hollow flexible branching cylinder, connected together at the base and to the 
substratum. The smooth surface presents under a hand lens polygonal 
elevated areas, separated by grooves. In these grooves arc the minute pores 
called ostia or inhalent pores, through which a current of water enters the 
sporge. At the free end cf each cylinder is the csculurn or exhalent 
aperture, $ur r oundcd by a fringe. Water passes out of the sponge through 
the osculum. The lumen of il.e cylinder is the cloaca . 

The K:*.iy wall comprises an external single layer of dermal epi- 
thelium of flit-cncd cells and an inrer layer of choanocytes lining 
'he cloaca. "I he choanocytes arc characteristic collared, flagellate cells 
resembling the hoanoflagellata (Protozoa). Between these two layers is a 
middle region containing the skeletal spicules (Fig. 137), the scleroblasts 
that secret*, the spicules and connective tissue cells or col/encytes. Large 
archaeocyt :s or tniciboid cells, that arc capable of migrating, also 
occur in the inter mediate layer. The arcbacocytcs can give rise to other 
types of cells ai d ax. thus totipotent. Spexms and ova also occur in the 
middle layer. 

/ Canal System. - The canal system (Fig. 138) begins in the ostia on the 
’surface. The ostia open into an incurrent canal , that runs radially in the 
wall and ends blindly: it does not open into the cloaca. The incurrent canal 
communicates by prosopyle with the flagellate canal , that lies 
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Fio. 13S. Diagram of tho canal ays tom of spongo. A. Simple s|»onge. B. A 
complex sponge derived by infolding of tho wall. C. .Section of a p-irt •«! I be body wall 
of u sponge to show tho llugellato and incurrenl canals. (Dermal epithelium light, 
flugolluto cells black ; tho arrows indicate the direction of water curr nts). 
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parallel to it. The flagellate canal is lined by collared cells, with flagella 
at ihe free ends. They include one or more vacuoles. The flagellate 
canal is closed externally but opens by a small apopyle in:o the excurrent 
canal , also lined by flagellate cells. The txcurrent canal opens into 
the clcaca. By the action of the flagella a current of water enters through the 
ost : a and passes out of the excurrent canal into the cloaca and :o the 
outside by the osculum. The choanccytcs engulf the organic particles 
in the current, ingest and digest them. 

Regeneration and Reassociaticn.— Sponges grow by budding and can 
readily replace lost pans. Sponges can be cultivated from cuttings like 
plants. Some sponges can be squeezed through silk, so that the cells 
separate. If these cells are allowed to settle down, they will reassociate 
and in course of time grow into a new sponge. 

Reproduction and Development.— Asexual reproduction through 
external budding is ccmtr.cn in sponges. By this means a colony is 
produced. Gemmule formation is another method of asexual reproduction 
A gemmule is an internal bud that comprises groups of cells separated by 
membrane. The gemmule can withstand desiccation and most adverse 
conditions fatal to life. When favourable conditions return, it grows up 
into the sponge. 

Sponges are hermaphroditic but are mostly protandrous y i. e. the 
sperms mature before ova. Fertilization is within the parent, the sperms 
reaching by the water current. The blastomeres (Fig. 139) resulting from 
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p< »|t*. 1 ■ I HV« 

L-r'Jti 'lly *I 


pi il sp< A. Zyjroti*. U. 8-cell xia^o. 
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sorli'»n of the fixed larva that develops 
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the segmentation become arranged into an oval blastula. ihe blastula is 
rounded at one end and flattened at the other. The cells at the rounded end 
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• -abecome granular. Those at the opposite end elongate and develop flagella. 
These columnar cells partly enclose the granular ones. The embryo 
breaks free and swims out into the sea by way of the osculum. The granular 
cells that remained so far invaginated, now come to lie on the surface. 
^ This stage is the amphiblastula larva. After a short free-swimming 
life, the larva settles down by the flagellated end. This end now gets 
invaginated within the granular cells and gives rise to choanocytes. The 
pores and canals make their appearance. 

Affinities. -The Porifera resemble colonial Protozoa in many ways, 
especially the Choanoflagellata. They differ however in possessing a system 
of water circulation canals, skeleton and cellular differentiation. The 
sponges differ from metazoa in lacking a digestive tract, so that digestion is 
intracellular as in the Protozoa. The body layers of sponges do not 
correspond to the ectoderm and endoderm of metazoa : the ectoderm 
lines the cavities and functions as digestive cells. In the metazoa 
digestion is the work of endoderm. In the sponges the layer that first 
seems to be endoderm comes to lie on the surface and functions as ectoderm. 
There is no mesoderm. Sopngcs are thus strictly not Protozoa and not 
f Metazoa, but arc considered to represent a side-line: the Parazoa 

Relation to other animals. -Very few animals appear to relish sponges 
0 as food. A number of small animals like worms, crabs, fish, etc., resort to 
the cavities of sponges as a safe refuge from enemies. They also find 
a good source of food in the circulating water inside the sponge. Some 
sponges damage oysters by boring into their shell. 

Man has used sponges for washing and bathing from very early times. 
The best bath sponges come from the Mediterranean, North America 
and from Australia. Sponge is also used in sound-absorbing wallboard. 

RESUME 

l Tli 0 Porifera aro roulticollular aquatic animals incapable of locomotion. 

*> Tho body is essentially a hollow cylinder, pierced by numerous pores, loading 
into a system of ciuols lined by collared llugcllato cells, resembling the fboano- 
• flugollutu. 

3 Water enters tho sponge body through tho pores and after pacing hroiigh 
tho canals escapes into hollow cavity of tho cylinder, ihei.ee to tho outside by way *•! 
tho osculum. . 

4. There is no alimentary canal. Tho dilation of fo *1 is wholly intru'elhilor as 

in Protozoa. 

* 5. The body is roinforced by a skeleton of spicules of lira;, silicon o, s,M,ngm. 

0 . Raproductio n is asexual by external budding or by internal gei.im"lo« and 
80xual by ova and sperms. 

7 . Tho zygoto develop* into a ciliated froo-swiraming amphiblastula larva. «• 

\ settles down and grows into tho sponge. 


CHAPTER VIII 
COELENTERATA 


Coelenterati. The Coelcnterata (lcoilos= hollow, enleron=g\it » are 
Metazoa or multicellular animals. The body of a metazoan consists 
either simply of two (diploblastic) or three (triploblastic) layers of cells the 
ectoderm, mesoderm and endoderm or is all derived from these three layers. 
The cells that compose it are modified as different tissues. They differ from 
the colonial Protozoa in this division of labour and functional specialization 
and in the co-ordination of the activities of the cells. 

The simplest Metazoa -Coelcnterata -are merely alimentary canals 
enclosed by a skin. In their body there is only one cavity and that is 
the gut. There is no separate coelom or body cavity. The gut is at 
the same time the coelom and hence the name Coelcnterata. This cavity is 
bounded by an endoderm and ectoderm only, i.e. the Coelcnterata are 
diploblastic. They indeed correspond to the gastrula stage of the embryonic 
development of a higher animal like the frog. In other words the 
Coelcnterata have developed only the alimentary canal and not other organ 
systems. Th: gut has only on: opening which serves both as mouth 
and as anus. 

The individuds of the phylum live cither separately or in colonies. 
They arc of two types: i. polyp with a tubular body closed at one end 
and with finger-like tentacles surrounding the mouth at the other end; 
2. medusa which is umbrella-shaped and has the mouth at the end 
of ;h : handle of the umbrella. Their body is radially symmetrical. They 
all have stinging cells with which they paralyze their prey. 

The Coelcnterata are all aquatic and mostly marine. They are 
widely distributed everywhere. They comprise the hydroid polyps, medu- 
sae, jellyfishes, sea-anemones, corals, etc. Except the jellyfishes and 
some of the hydroid polyps, the rest of the phylum lead £ sedentary life 
and often form pl-mt-H.. colonies. The corals have a calcareous skeleton 
that forms the well known coral reefs and builds coral islands. Some of 
the corals are in jv.v eil-rv and in ayurvedic medicine. 

Characters.— The Coelcnterata arc recognized by the following 
characters : 

1. Diploblastic, ii.uhi • i'.td u, --bully symmetrical. 

2. Bxly without head, n •• uio«l uiul without coelom. A *i agio cavity servos 
both as digestive tract and bady cavi'.v. 
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3. Mesogloea slight or nhundnnt between the ectoderm and endoderm. 

4. Nemntoeysts present in oetoderm and or in endoderm. 

. r >. Muscle fibres', horny or ealenrcous skeleton in the body wall, 
ti. Mouth surrounded by tentacles, ri.-hly supplied with nematoryst*. 

7. Entercn simple, branched or divided by sept-i. 

8. Anus absent. 

1) Digestion both intercellular ns in Metazoa and intracellular within food 
vacuoles as in Protozoa. 

10. No special organs of circulation or respiration. 

11. Scattered unpolarizcd nerve cells in the body wall forming a nerve net. 
Randy with htntor yst*. 

. 12. Reproduction by asexual budding in the usually fixed polyp stage alternating 

with sexual usually free medusa stage. 

13. Segmentation holublastie. Larva a ciliated pinnule. Blastopore ferms the 
mout h. 


Classification. 

Phylum COELENTERATA. Diploblastic, aquatic, radially symmetrical ; 

with a single cavity having only a mouth hut no anus; tentacles 
and stings present 

Class I. HYlJROZOA. Medusa with velum; polyp without ondodermnl 
folds. 


polyp with four ondo- 


Order I. J.kptolinae. 

Suborder i. Anthoincd jsao. Polyp without theca. Example : Hydra. 
Suborder ii. Lcptcmedusne. Polyp with theca Exi-mplo : Obeli a. 

Ordor 2. H ydhocorai.i.ina. With massive calcareous skeleton. Example: 

Slylanler.^ 

Order 3. Siphonopiioiia. Floating. Examples: / by rah a Porlugcse.mr.n- 
of- war, VeUlla, i’ uin-ta. 

Class II. SCYI’HdZOA. Medusae without velum : 
dermal folds. 

Order 1. Staukomkousae. Muso-shupcd medusae. 

Order 2. Discomedusak. Saucer-shaped modular. 

Class III. ANTHOZOA', Polype only. 

Subclass 1. Zoanthoria. Nuinorous tentacles end mesenteries. 

Ordor i. Actinabia. Solitary, without skeleton. Examples : At f Iridium 
and Edwardria sea-anemones. 

Order ii. Maurkfoh-vtua. Colonial forms with calcareous skeleton. 

Example/: Meandrina, Favia, Madrepona. Fungi a, etc. stone 


Q* 


lx ample : Haliclyttu*. 
Example.:. /lurr/io^ 


eoruls. 

Subclass 2 Alcyonarin. With tight mesenteries and branchod ten i neles 

Order i. Alcy^nacea. Skeleton of spicules. Examples: Tubipom 
•* pipe coral, AUyonivm dcad-rann’s finger. 

Order ii. Gcroonacea. Treelike. Examples: Qorqonia sea-fan. ( 
ium red_coral. ^ __ 

Order iii. Pennatulacea. Example : Pennalula sea-pen. . 


II. 


1. HYDRA— A simple Metazoan 


Occurrence and systematic position —The hydra is a 1 roll- water 
polyp, which is widely distributed all over the world. It occurs in ponds and 
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SEA ANEMONE 


JELLY FISH 


HYDRA 


rinmnn freshwater poly}'. Obeli (i 
i>» i\ <*l v i’ii i In* surface ul l lie non. 



PHYSALIA 


AURELIA 


wmw 


TUB1PORA 




Fie 141. riivliim Coclenterata. J'hysaHa i^loglca. the ‘‘Portugese-manot-war*' 
iA ill so called ‘blue-bottle'. It is one of the best known Siphonophorn. The swimming 
bolls ore replaced l»v elongated gus-filled blnddeio. carrying below tho polyps. It is 
common in warm wan. It onuses unpleasant stings in bathers. Aurel.n atmla w a 
common jellyfish that is oft- n stranded in thousands on the bench. I eimatula, he 
so-called sea-pen. is a feat her- like form with many polymorphic polyps along the sales. 
(ionjnnia, the sea- fan is a horny coral. Tubipora, the organp.pe coral is another 
horny coral. 
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all clean permanent fresh-water tanks and lakes rich in aquatic vegetation. 
It usually sticks to stones and plants under the surface of water. 



Ki*\ 1 12. f'liylmii Codci.lernUi. common typo* of conil* t lint 

tho Ind'ini wilier* A. Mcnulr im. tin - l«ruin coral. II. Mtuoilrnu tic 1 corn I . 

(*. Mud>eporu tin? I.ruin l.ii»K coral. I>. t'mujia 1)10 mushroom coral {Of z >' /.hni f. 
1 p'li]. h of */tCC irii c iii m l he Hoohuji/ Mu emu. Si .luh'i'n College, AiJia). 

Several species of hydra are known from the world. Hydra r-ilgari* 
(formerly called Hydra g risen) is a brown or orange species common 
in Europe, North America and all over tropical Asia. It is very abundant 
throughout India in stagnant waters. Pelmatohydra oligacti* fornuily 
wrongly called //. fusca and //. iligaelis) is another species common 
in Europe, North America and the Punjab. It differs from Hydra 
vulgaris in being slightly swollen near the tip and in its longer unlades. 
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CMoohydra viridissina (formerly called Hydra riridis) » > *** ■*»«** 
L body in a sort of mutual friendly relationsh.p called symb rosrs. 



entacW 


basal disc 
l'n. 143. Ilj:lra External features. 


The systematic position of Hydra vulgaris isas follows : 

Phylum COELENTERAT A *> 

Class HYDROZOA 
Order leptolinae 

Suborder Anthomedusae 
Family Hydriidac 
Genus Hydra 
Species vulgaris. 
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Structure. -The body of a hydra is a slender, cylindrical flexible 
tube, about 10 mm. long and closed at one end to form a basal disc 
for attachment to the substratum. It is radially symmetrical. A mouth is 
situated on a conical hypostome at the free end. The mouth is 
surrounded by six to ten slender, hollow, highly flexible tentacles. 
The mouth opens directly into a large enteron. The cavities of the 
tentacles communicate with the enteron. Sometimes the bad ot a 
new hydra rises from the side of the body. Spherical pro,ect.ons of 
the surface enclose the ovaries or the testes (Fig. 15*)- 


tentocte ec , 


nucleus 


- enbodermal «pilhel«omuscV' 
c«H 

ectodermal epiMio-musc* 



process*", of 
nerve net 

cell \>ody 


'sensory cell 

a endoderm 

A ectoderm D lrters |,t^i cells 

-basal disc 

Flo. U4. Hydra. Structure. A - b t 

section greatly enlarged. C. Trans\ erwj noc . illuPtrut j n j, t }„. nrningeiiieiii «»l 

ropTth%t: m ^uKS m F^ wt" '»«' 

~' m Sr*£~J£Z Lts of a thin externa, ectoderm • 

thicker endoderm, separated by a thin nonceilu'ar .eiiy-hkc m-og^^. 

The mesogloea is an elastic skeleton secreted by the two layer 
(Fig. 144)- 
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Types of cells -The cells that compose the ectoderm and endoderm 
are not all alike. In the ectoderm occur i. epitheho-muscular ce I s 
2 . glandular cells, 3 - interstitial cells, 4 - cnidoblasts or sung.ng cells 
5. nerve cells and 6. sensory cells. The endoderm «S composed of 
cpithelio-muscular cells, 2. gland cells. 3. sensory cells, 4 . nerve 
cells and 5. interstitial cells. 


cnidocil 


nematocyst 



bread lube 


thread lube 
barbs 


nucleus 




•\ 

cnidoblesl nematocyst discharged glutinant nematocysi 

Kiu. 145. Nomntocy#ts of hydra. (After Schulte). 


I CTODURMAI CFLI.S 

1 Epithelio. muscular cells .- The cpithelio-muscular cells 
cover the general surface of the body. They are X -shaped, with a 
swollen outer cn.l and an elongate basal supporting lamella, in which are 
muscle fibrils. The cell secretes a cuticle. The basal lamellae with 
their fibrils run lengthwise against the mesogloca They therefore act 
as longitudinal muscles and by contracting shorten the entire body. 

2. Gland cells.- Gland cells are present on the basal disc. They 
are columnar cells that secrete a sticky substance which helps the 
hydra in attaching itself to objects under water. These cells often 
produce bubbles of a gas. A few gland cells occur round the mouth also. 

3. Interstitial cells . — Between the large ectoderm cells there are 
small undifferentiated interstitial or subepithelial cells. These 
give rise to the cnidoblasts and the gonads. 
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4. Cni dob lasts. — The cnidoblasts (Figs. 145, 146) are organs of 
offence and defence. The cnidoblast or the nettle-cell is a specialized 
interstitial cell, modified for stinging and paralyzing a prey or a potential 
enemy. They are scattered throughout the ectoderm but are particularly 
abundant on the tentacles. The cnidoblast contains a nematocyst within. 
The nematocyst is a capsule filled with a poisonous fluid called hypnotoxin- 
It contains a coiled thread.tube that may be instantaneously stretched out. 
On the exterior of the cnidoblast there is a cnidocil > a trigger-like projection 
protruding on the surface of the body. It appears to be sensitive to the 
external stimuli which affect the cnidoblast. The nematocysts occur either 
singly or one large nematocyst is surrounded by several smaller ones to form 
a battery of stinging apparatus on the surface of the tentacles. This battery 
is indicated on the external surface by raised tubercles. The cnidoblasts have 
the power of migrating laterally from the body to 'the tentacles. They always 
arise on the body and migrate to the tentacles but none arise on the latter. 
After a discharge of the thread-tube, the cnidoblast cannot withdraw it and the 
nematocyst cannot be used again. It migrates to the enteron and is digested. 
A new cnidoblast is formed from the interstitial cells^J 

Cnidoblasts are independent effectors or structures which respond 
directly to stimuli and are not under the control of the nervous system. 

There are four kinds of nematocysts: 1. penetrant, 2. volvent, 3. 
strcpiolinc glulinant and 4. stcrcolinc gLuinant (Figs. 145, 146J. 

The penetrant nematocysts are large and spherical bodies with 
the thread-tube coiled transversely. The thread-tube has three long spines 
and three rows of thorns basally. When discharged, it pierces the skin of 
the prey and injects the hypnotoxin. The effect of the discharge of the 
penetrant nematocyst is paralysis of the prey. 

The volvent nematocysts are pear-shaped and relatively small. The 
thread- tube is short and coiled in a single loop. When discharged, the 
thread-tube coils tightly round the hairs of the victim (Fig. 146). 

The streptoline glut inant nematocysts are as large as the volvent 
but have a longer thread-tube. The thread-tube is rolled in three or four 
transverse coils. It bears minute thorns. Upon discharge, it twists and 
coils. 

The ste^eoline glulinant is the smallest nematocyst and has an 
unarmed thread-tube, which is discharged straight. 

Nerve cells.— The ectoderm contains a network of nerve cells, which 
have long processes. These processes are not however differentiated into 
dendrons and axons as in the case of the nerve cell of the frog. The 
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processes of the different nerve cells are not simply in contact as in synapse 
of the frog but are actually continuous one with the other, so as to form a 



nerve.net (Fig. 147). A nerve cell is associated with each cnidoblast 
and with sensory cells. The nerve cells are also connected with muscle 
fibres. 
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Sensory cells — The sensory cells are connected at the base with 
nerve cells. There are four kinds of sensory cells with slender tips. They 
are specially abundant on the tentacles and near the mouth. 

The interconnected nerve cells, sensory cells and muscle fibrils 
constitute the sensory .neuro. motor mechanism of the hydra. The 
sensory cells are the receptors ihat receive stimuli, the nerve cells conduct 
impulses and the muscle fibrils are the effectors that respond to the stimuli. 
The mechanism co-ordinates the movement of the body and of the tentacles. 

The gonads arc temporary structures produced by the interstitial cells 
in the ectoderm. These are further considered under Reproduction. 

Endodermal cells 

The cpithclio-muscular cells of the endoderm differ from those of the 
ectoderm. The contractile fibrils arc attached to the mesogloca transversely 
to the axis of the bedy (Fig. 144). They therefore act as circular muscles 
and by th-ir contraction reduce the diameter of the body but elongate it. 
The fibrils at the bases of the tentacles and near the mouth act as sphincters 
that close these openings. The encodcrm cells bear one or two flagella and 
often put out pscudopodia. There arc no muscle cells in the tentacles, so 
that the tentacles are extended by fluid pressure alone. 

Gland cells of the endoderm are xcla.ivcly large and secrete the 
digestive enzymes. A few interstitial cells occur in the endoderm. Sensory 
and nerve cells of the endoderm are relatively few. There is no net-work 
of nerve cells in rhe endederm. The scattered nerve cells of the endoderm 
arc not abo connected to the ectodermal network. 

The various cells which have been described thus far constitute 
the somatic cells of the hydra. The gonads form the germ cells." 
Each of the somatic cells is specialized for a particular function but the 
o do not form tissues as in the frog There are therefore no true organs 
in hydri«. i he tentacle may perhaps be called an organ. 

Mo* ion asd ]•; vittotion.— The hydra performs (Fig. 148) various 
kinds of movcm-Tts. it can shorten its body to about a sphere or stretch it 
fully (Fig. 149). U c~n bend the body in all sorts of ways. The tentacles 
can be shortened or extended, curved and used in holding a prey. 

Locomotion iHg. 148; is effected in several ways. The simplest 
method of locomotion gliding on the substratum due to the amoeboid 
movement of the cells of the basal disc. Very often a hydra uses a bubble 
of gas secreted by the gia» d cells of the disc as a float to rise to the 
surface of the water and u, S«? passively wafted along by water currents 
(Fig. 149). They also float free, with the tentacles fully extended, mouth 
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either above or below. The usual and the most rapid method of locomotion 
is the so-called “walking” or somersaulting of the hydra (Fig. 148). 


Hydra somersaults' 


body hfted off 


standing 
upside down 


body be 


basal disc 


tentacles fixed 


tentacles lifl. 
body erecting 




another somersault 

begins and 
Hydra moves on 1 


Fig. 149. Hydro in locomotion. A-K. «toge* in tlio ••woll«ing ,, or somorsuultmg 
by hydro. 

This somersaulting resembles the looping action of a gcomctrid caterpillar. 
The hydra bends the body down to the substratum on the side it wants to go. 
The tentacles arc fully extended. Their tips aic attached to the ground by 
the glutinant ncmatocysts. The basal disc is released from the ground. 
The whole body is then dragged forward, thus making a somersault. It is 

Hydra a. rest 


gas bubble 



coni racled 


floats up side down 


Fio. 119. Resting attitudes of l.ydra. 

then laid flat on the other side and the basal disc now fixed. The tentacles 
are wrenched away free and the animal regains the upright posture Once 
again the body is bent and the whole series of movements repeated. 1 he 

hydra can in this way bridge itself away across any gap. 

Nutrition — Hydra is a carnivorous animal. Its food consists main > 
of small Crustacea, aquatic larvae of insects (for example bloodworms 
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or the larvae of gnats), eggs of fish and even very young fishes, small 
worms and other small animals of a convenient size. A hydra sometimes 
seizes more than it can swallow and in the attempt to do the impossible 
it often turns its body inside out. 


A hydra does not really hunt for its food. When hungry it simply 
stands on its basal disc, with the tentacles extended and waving gently 
(Fig. 150). A small prey, as for example a Cyclop <, accidentally bumps 
into one of the tentacles and the unlucky victim is gone. It is suddenly 
bombarded with dozens of the nematocysts^ Its skin is riddled through 
and through by the penetrant nematoevsts, which inject the hypnotoxin 
into these punctures. The luckless cyclops is paralyzed. The volvent 
nematocysts wrap round any hairs or spines on the legs of the victim 
and the glutinant nematocysts stick to its surface (Fig. 146). The poor prey 
is safely secured. The tentacle bends round the paralyzed victim and other 
tentacles also may often help to secure the prey by discharging their 
nematocysts and by coiling round. The food is gradually conveyed to 
the mouth, which gapes open greedily to receive it. The prey is gulped 
whole by contractile movements of the hypostome. The swallowing is 
also facilitated by the mucus secreted by the gland cells. 

The food is digested partly in the enteron. The endodermal gland 
cells pour out their secretions containing protein and fat splitting 
enzymes. The body wall contracts and expands and thus aids the thorough 
mixing of the food with the digestive fluid. The lashing of the flagella 
of the endoderm also helps in this mixing-up. The food becomes 
diMr eluted ar.d the soft parts gradually dissolve away to form a thick 
liquid :n which are suspended numerous fragments. The dissolved 


P* rls m absorbed by the endoderm. The fragments are engulfed by 
ihc pseudorod ial proe--cs of the endoderm cells and food vacuoles 
ire lor mod in them. The digestion is completed within the cells. The 
process of digestion cf !-<d in the hydra is thus carried out both -in 
ire er.ti ric cavil)-, t* *c • ':<idc the cells, as in all Metazoa like the 
frog and. also wnhh hr .dodermal cells as in the Protozoa. The 
hydra thus combir. cellular digestion of the Metazoa 

and intracellular dige-im, . , Protozoa. The absorbed food is either 

used immediately or scored up ?s glycogen. The undigested part of the food 
■s egested through the mtvih. which thus funct ons as the anus also. 

Respiration and exertion. Respiration in the hydra is by diffusion 
of the oxygen dissolved in the water. The excretory products directly 
diffuse away from the cells. 
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Within the green hydra, Chlorohydra viridissitna , lives the green alga 
Zoochlortl'.u. The hydra utilizes for its own respiration the oxygen 
liberated during the photosynthesis of this green plant. The plant also 
benefits by utilizing the carbon dioxide excreted by the hydra. 

Regeneration and grafting. — A hydra has extraordinary powers of 
regenerating lost parts. If a hydra is cut into two or more pieces, each 
of the pieces will grow into a complete hydra ! A cut tentacle will grow 
the rest of the body and become in due time a complete hydra. If a hydra 
is split longitudinally near the hypostomc, each half becomes complete 
and thus gives rise to a double-headed hydra. Two hydras can also be 
grafted together. 



Fig. 160 Hydra at moal time. Diagram showing tho hydra capturing and 
swallowing Cyclop*. A-F. Successive stages in tho capturing and swallowing 11 
{Modified from Buch*baum). 

\S 

Reproduction.— The hydra reproduces by 1. budding, 2. fission and 
3. sexual method. 

Budding. — A hydra bud arises as a bulge of the body wall about the 
middle of the body (Figs. 140, 15 1). This enlarges and elongates md i»j 
cavity communicates with the enteron. Blunt tentacles grow 31 the free end 
of the bud, where a mouth and hypostome also develop. The bud is now 
constricted and separated at the base from the parent hydra. It becomes 
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an independent hydra, which also reproduces by buds in its turn. Budding 
is very common at all times of the year. 



Fin. 131. Reproduction in hydro. 

Fission.— Reproduction by fission is rare in nature. The hydra 
splits into two lengthwise or transversely and each part becomes a complete 
h .d-a Closely associated with this method of reproduction is the power 
of *c".em ^utioM of lost parts. 

reproductioa.— Some hydras arc hermaphrodites but most 
others arc dioecious, i.e., arc cither males or females. Ovaries and testes 
arc temporary structures produced by the interstitial cells of the ectoderm 
on the surface of the body and are the only means of distinguishing the 

sexes (Fig. 151). 

A male hydra posse* • ..cveral testes as blunt conical outgrowths on 
the surface. Th* y are t; * y 'ocated on the distal half of the body. Each 
testis contains a tv.nixi c‘ elongate cysts. The interstitial cell that is 
destined to prodv.ee th: sperms is called the spermatogonium. Several 
spermatogonia art: enc-osca V. :he ectodermal epitheho-muscular cells. 
The spermatogonia repeated?; lie and give rise to spermatocytes. 
Each spermatocyte divide . . ; ? *d thus produces four spermatids . 

Each spermatid grows a taii a: : r-.o<iics a sperm . 
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In the female hydra (Fig. 151, 152), there is usually a single ovary. • It 
is located at the middle of the body. It arises as an ectodermal bulge 
enclosing many oogonia. The oogonia are derived by repeated division 
of an interstitial cell. Only one of these oogonia becomes an oocyte : this 
oogonium enlarges, develops pseudopodia and begins to engulf the rest of 
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Fio. 152. SoxuhI reproduction and development in hydra. ( Modified from 
Taimreulher). 

the oogonia which thus form its food. When mature, it is an oocyte. 
The oocyte undergoes maturation division by throwing off polar bodies 
and thus becomes the ovum , containing the haploid number of chromo- 
somes, six to twelve. The epithelial covering of the ovary becomes weak, 
breaks away and leaves the ovum exposed. 

Development.- (Fig. 152) The ovum is fertilized on the parent body. 
The sperm is discharged into the water where it swims about actively 
by the lashing movement of its tail and when it finds an exposed ovum, 
enters and thus fertilizes it. The early development of the ovum is also 
■ll 

completed on the parent. 

The first two segmentations are meridional and at right angles 
to each other. These are followed by equatorial cleavage giving rise to 
' , eight blastomeres, enclosing a blastocoele. When the blastuUuca is ended, 

r 
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a cyst is secreted by the blastoderm all round. Gastrulation takes place by 
multipolar immigration : the blastomeres divide tangentially. The 
outer ends divide off into the ectoderm and the inner ends into the 
endoderm. Some of the blastomeres bodily migrate deeper to form 
the endoderm. The cyst with the embryo now drops off into the water 
from the parent and undergoes a period of rest. The enteric cavity now 
develops and again after a short period of rest, a young hydra, complete with 
tentacles, hatches out. 

Natural enemies.— The hydra is attacked by a minute worm in 
Europe. In India, the bloodworm, on which the hydra itself feeds, 
turns the table and devours smaller hydras ! The larvae of Chironomus gnats 
contain haemoglobin and are therefore called bloodworms. They are aquatic 
and often build cases of sand, which they web together by silken threads. 
When the larva finds a hydra, it begins to web the hydra by its silk, 
taking care not to get foul with its tentacles. When the hydra’s body 
is almost completely enclosed, the tentacles are gradually spun down and 
then the larva lunches off the body of the imprisoned hydra. A number - 
of Protozoa are often associated with the hydra and some of them are 
undoubtedly parasitic on it. 

Symbiosis — The green alga Zoochlorella which lives within the 
green hydra is not a parasite. It is not an enemy of the hydra. It 
benefits the hydra by taking away the excretory product, carbon dioxide, 
from the hydra’s respiration and also gives oxygen to it for respiration. 
The alga is also benefited by getting shelter, in addition to water, 
p.i< -raU, carbon dioxide, etc. from the body of the hydra. The asso- 
:'V\or. of alga and the hydra is thus mutually beneficial. It is a 
»f friendly liwug together, which is called symbiosis. 

Athaviour.- The hydra reacts to various stimuli. A hungry hydra 
ic\..:is more vigornu !y than a full-fed one. It is easily affected by rise of 
t* • tpe.*atu;».\ 

2. OBELIA 

General feat c ^ r.nc’ systematic position -* Obelia is a colonial 
marine nydroi 1 It occurs as a delicate light-brown moss-like growth 
on submersed r~ _k\. woooen piles of piers and shells in shallow waters 
of the sea coast. i colony arises by budding from a single hydra- 
like polyp. The buds do ;-.ot separate but remain connected with the 
parent stock and in their iv.cn go on repeatedly budding, all the buds 
remaining connected, so a plant-like colony results. The polyps 
that comprise the colony of Ubelia are united by stems called hydrocauli > 
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which are rooted in the substratum by hydrorhiza . There arc several 
species of Obelia but Obelia geniculata is usually chosen as the type. Its 
systematic position is given below : 

Phylum COELENTERATA 
Class HYDROZOA 
Order LEPTOLINAE 
Suborder Leptomedusae 
Family Campanulariidae 
Genus Obelia 


Species geniculata. 

Structure- - An Obelia colony is pol ymorphicy (Fig. 153) t.e., it 
has many forms. It comprises three types of individuals: 1. hydranth, 
a 2 . gonangium and 3. medusa. The hydrocauli that support them is 
^composed of an external perisarc and an internal coenosarc. The 
perisarc is a transparent non-cellular covering of chitin, ringed at the 
joints. The coenosarc is hollow and comprises the ectoderm, mesogloea and 
endoderm. It does not fill up the cavity of the perisarc but is attached to it 
at intervals by strands of ectodermal cells. 

Hydranths (Fig. 154) are the feeding polyps, very much resembling the 


• hydra. A hydranth is enclosed in a hydrotheca , which is merely an 
expanded part of the perisarc. The wall of the hydranth is composed of 
ectoderm, mesogloea and endoderm as in the hydra and is really a branch 
of the coenosarc of the hydrocauli. Each hydranth has numerous ten- 
tacles, which are used in capturing food much as in hydra. The 
tentacles of the obelia differ however from those of the hydra in being 
completely solid. The endoderm fills the interior, so that the tentacle 
is not hollow as in hydra. There are numerous nematocysts on the 
tentacles and these function in the same manner as those of hydra. 


Within the circlet of tentacles is a very large hypostome, which is 


hollowed out to form a spacious pre-oral cavity. The true rnouih is at 
the bottom of this cavity. The hydranths are solely concerned with 
the capturing of food not only for themselves but for the entire colony 
and they have nothing' to do with sexual reproduction. 

Gonangium -The gonangium comprises an urn-shaped gOnotheca , 
enclosing a tubular blastostyle. The gonotheca is a continuation ol the 
perisarc and is open at the tip. The blastostyle is a modified hydranth, 
without tentacles or mouth and incapable of capturing food for themselves. 
They are specialized as reproductive members of the colony. I he 
blastostyle bears a number of medusa buds. The medusn buds break 
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off and escape as medusae or jellyfishes from the gonangium by way 
of the terminal opening in the gonotheca. 
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Kin. 153. Part of Obelm . : -nv in«_f l liive polyps. Th<* medusae oeoapo from 
the goiiungium. 
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Medusa.— The medusa is an umbrella-shaped transparent jellyfish. 
The bulk of the medusa umbrella is composed of thick mesogloea. 
The convex outer surface of the umbrella is called ex-umbrella and 
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— ‘nre 1 - It is the reproductive po IyP . 

the concave lower surface forms the sub.umbrella. In the middle of 
the sub-umbrella is the short handle of the umbrella called manubr 
The margin of the umbrella is fringed with a number of tentacles. 
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mouth opens at the free end of the manubrium and leads into the 
enteron inside. The en.eron gives off four radial canals in the dome 
of the umbrella. The radial canals extend to the circular canal with n 
the margin of the umbrella The tentacle at the ends of the rad.a 
canals is swollen at the base and has a patch of pigmented ectodermal 
cells sensitive to light : this is the ocellus. Between two radial canals 
a tentacle has an ocellus and also a statocyst. The statocyst is a hollow 
vesicle with calcareous crystals. The cells that line 1* cavity of the 
vesicle have tine hairs projecting inside. The statocyst ;is an organ of 
equilibrium. £ tt 


ectoderm 



mesogloea 


endoderm 



hvdra ir.'/o.'ted tentacle 


medusa 


Vi-:. 

In tin* mini .• 
Tli. V ur< boll* 


•1 ■llii'ti.iiint: the r«*inpnri«nn in fttructurc of polyp nml mciliixn, 
.• . tin* mos.niloon i* iii.miut.- bill in n mjjilus i il i< ronsi«U rnM«*. 
•1 the miim- plnii 

On cscaj c from the g-mothcca, the medusae floST away and lead a free 
life. They capture, food and grow. Although the feeding hydranth an.l 
the medusa differ markedly, their basic structure is essentially the same as 
tb.it of a hydra. 

Reproduction ar.d development —The medusae are the reproduc- 
tive members of the obclia colony. The sexes are separate. The 
gonads (Fig. 156) develop op each of the four radial canals as finger-like 
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«►• objections of the body wall. They hang down from the sub-umbrella 
vhen ripe. 



ami dovclops into tho obeli » colony. 
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The oogonia and spermatogonia arise in the ectoderm of the 
manubrium. They migrate into the endoderm and undergo maturation 
division. Ultimately they reach the ovaries or testes. 

The ovaries and the testes burst open and release the ova and sperm 
into the water. The ova are fertilized in the water (Fig. 156). The zygote 
undergoes cleavage and a blastula is foimed as in hydra. A solid gastrula 
then arises. The external layor of cells represents ectoderm and 

the solid inner mass of cells the endoderm. The gastrula then elongates 
into an embryo, somewhat broader at one tnd. The ectcderm develops 
cilia and the embryo now becomes a free-swimming larva called planultt. 
The planula swims about for some time by ciliary action. An enteron 
develops within the solid endoderm. The planula now settles do’ 
on some suitable object by its broader end, loses the cilia and gi 
into a hydra-like animal. The base by which the planula is fixed bccoml 
broadened but soon elongates and branches profusely to give rise to 
the hydrorhiza. The free end becomes swollen and a mouth and several, 
tentacles develop at this end. The ectoderm secretes a pcrisarc. This 
hydra-like founder of the future obclia colony grows larger, puts out 
buds repeatedly and thus ultimately gives rise to the colony. 

1 here is thus an alternation of generations and forms — 
hydranths and medusae— in the life-cycle of obelia. After the medusae arc 
fonr.cd the ebeka colony dies; after the ova and sperms arc produced the 
medusae die. 

Comparison with h>dra.~ Obelia may be considered as a hydra 
which 5 ms budded r.cral times, but all the buds remaining connected to the 

. Obclia difiei -from hydra in having a theca- pcrisarc and hydro- 
t'n:. >. he hydrant] h .vc more tentacles than hydra. The tentacles 
o! the obelia arc not hollow but solid. The hypostome is enormous. Hydra 
::.i' the rower ol Iccc motion but an obelia colony is fixed. Hydra carries on 
•!i the functions 01 i , including sexual reproduction but the hydranths arc 
rot capable » » stxu : reproduction. Despite these differences, the hydra 
and obclia have the *amc hcdy-plan and an obclia colony arises from a hydra- 
like polyp. 


3. AURELIA 

Aurelia is a common jellyfish of coastal waters. Jellyfishes differ 
from hydra and obclia in several respects. In the jellyfishes the medusa 
snipe is often several feet in diameter. An enormous gelatinous mesogloca 
constitutes the bulk of the body of a jellyfish. 
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. Systematic position.— The common jellyfish Auulia belongs to : 

Phylum COELENTERATA 
Class SCYPHOZOA 
Order discomedusae 
Genus Aurelia. 

Structure.— The body of the jellyfish is a broad, shallow cup, slightly 
convex on the upper or aboral ted concave on the lower or oral surface. 
It is essentially an inverted cup that is fringed by a row cf marginal 
tentacles. The marginal tentacles arc interspaced at regular intcivals by 
eight groups of sense organs between paired lappets. 



Fxo 157. Lifc-eyclo of Aurelia, n commrn jellyfish. A C. Clonvngo : />•_•• ««* 
2-cell and 4-ccll stages. D. Blnstulo. K. Gafitula in rc< lion. F. Cili«l« d l»h ' V'" 
’M larva— free-swimming. G. Settles devn to the fea bottem end bcemces n polyp. 

. tentacles. H. Strobiloticn I. Ephjra. J. Adult jellyfish. ■ {Modified partly from, 
Korseh-ll-He der at d from HaUrhek). 

The mouth is situated on a short manubrium in the centre 
t)f the oral surface, between four oral arms. These latter arc grooved and 
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also bear nematocysts on the margins. A short oesophagus leads to the 
enteron that has four gastric pouches. Slender gastric filaments 
within the gastric pouches bear nematocysts. Radial canals extend 
through the mesogloea from the pouches to the ring canal in the rim of the 
inverted cup. Four gonads cccur, one in each of the gastric pouches, 
y The nerve net is well developed marginally. Ecch sense organ comprises 
a pigmented eyespot , a statocyst with calcareous granules and sense 
pits probably of chemotropic function. The body wall comprises an 
ectoderm, an enormous mesogloea and an endoderm. 

Life history. — The sexes arc separate. The sperms from the gonads of 
the male pass out by the mouth and into the gut of the female, where 
fertilization takes place. The zygote becomes lodged on the oral lobes 
of the female and develops into a ciliated planula larva (Fig. 157). The 
planula escapes from the parent and after leading a short free-swimming life, 
settles down to the sea bottom It loses the cilia and grows into a polyp. 
The polyp has a ba<al disc, mouth and tentacles ; it is called scyphistoma. 
The scyphistoma grows in size and produces lateral buds that become 
detached and grow into independent polyps like hydra. In autumn 
and winter however another kind of budding called strobilation takes 
place. The scyphistoma undergoes transverse fission and gives rise to 
a series cf cup-like structures piled one above the other. These cup-like 
structures separate eff one by one and become the ephyrae laVvac 
The ephyrae new inveit and gradually grow into the adult jellyfish. 

ItKM.MF 

1 . Coelcnteratn 

1 . Tin* r . lent oral a an- 1 Ik- simplest mot a 7.0 n. They may lie described ns merely 
1 !:iiM*ntur\ rnnuW, « ik-Som «l by n skin. 

1 1 try nr- nil orpin* ie ami 01 m prise tin* hydmid polyps, inodusito, jellyfishes, 
«-n.niion»«»lMH Mini e-rids. 

t. The io-l-nt-n.ta are «ii\ i<l« <1 into Hydrozon, Royphoxou mul Anlhozon. 

if* Hydra 

•!. The hydra is a fro.Oi-vatcr polyp that is eommon in tanks rich in vegotntion. 

a Its la»«ly in a slender :• be that inclosed at one end and has the mouth on n 
hypostome at the 1 thcT. Tentacles stir round the mouth. 

r> 'Jin* hotly w.dl «•••!» |.: .s s 1 la* ectoderm separated by n mcsocloen from t ho 
endod-Mii. The tv.o ! iyei> include epithcliu-nuisr ular, glandular, interstitial 
-nidoMast. n» r\ .-- u 1 ^-iisory cells. 

7 . The nem at *»••$■<*:* ui • -js*oi dized strut-lures of offence and defence. They 
sting and paralyze th-sprey. 

The « t-Hlorin has a n-rve not. 

!•. Locomotion i-< hy i* ;pmp m«.\ ement? of the body. 

10. ! »i"ostion is l». rli ii.t t ^ and ««.\tni-eelliilar. 

H. Hydra reprodue.M by budding or by «*v.» and sperms. 
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IU ' 12 01> rhe obolio is a polymorphic colony composed of l.ydranths. 8 °nangi« and 
medusae. 

13 it ij fixed by hydrorliitae and is enclosed in a loose theca. 

14. Th 3 medusae escape from the colony and develop tlic gonads. 

15 Fertilization takes place in water end the pianola larva sett 1. 8 down to 
grow and brunch into the obelia colony. 

IV 1 ^Aurelia ie a common jellyBsh, that is essentially a hogo medusa with 
an onormous mesogloca. • • . 

17 There is an alternation of generations, in the course of which ova and 

17 ’ .perms produce a ciliated pinnule larva that settles down and grows into a 
oolvo P The polyp reproduces nsexually by two types of budding: lateral 
Eud y s P «oparat? aXd become polyps once again. Strobilution produces the 
ephyrao lurvae that grow into the jellyfish. 
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Platybelminthes The Plaiyhflminthfs or the “ flatworms ” are 
the lowest triploblastic animals with bilaterally symmetrical body. They 
have an anterior and a posterior end. The body is not segmented. The 
coelom is filled up with packing-cells called parenchyma. They have no 
skeletal, circulatory or respiratory systems. An alimentary canal is usually 
present or wholly lacking. The excretory system is well developed and 
consists of branched tubules ending in a funnel-shaped cup. The nervous 
system comprises two or more longitudinal nerve cords connected to a 
brain in the anterior end of the body. The flatworms arc free living animals 
like planarians or are parasitic forms like the tapeworms. 

Characters — The Platyhclminthcs arc recognized by the following 
characters : 

t. Triplohlnsl i<\ bilaterally s\ nin.ctricul. flattened, umcpim nted. 

2. Epidermis ciliated with cuticle or with hock*. 

3. Digestive tract branched, without anus or wholly absent in some. 

4. X* ••• ban: the body cavity tilled by parenchyma. 

ft. X" * '••'.d. circulatory or respiratory organs. 

f». !'\t r« t*»rv orciUK branched and with numerous flame coUm. 

7. No. v •» i • • -t. in consist* of a pair of anterior ganglia or nerve ring, with 1 — 3 
longitudinal r* . • « r*U 

5. Mow- • ' • •;«>nadi> with duets. 

0. V-i .b: •. * intern.)). Dc\ idopmcnt direct or with me tu morph c sis and two 

or more |ar\ 

l‘\ V, .■ ii\ i:o» nr p r.isitie mid often with alternate host*. 

Tlii' Platvhclminthc> show many advances over the Coelenterata: 
i. bilateral symmetry, 2. ncivous system of brain and nerve cords, 3. 
presence of me no 3 crm, 4. presence of muscles and 5. permanent gonads. 

Clas: : .f cation. Nearly 7000 species of flatworms arc known. They 
are classified as follows : 


Phylum PI.ATY 1 1 KI.M I N'T 1 1 KS 

t’hus 1. Free living; with ciliated epidermis. Examplo ; 

1‘lai'ttria. 

Class 2. TttKM Ai'OHA. Fluk*s. Parasitic, with suckers for attachment. 
Example; /«#.«*• e/«. 

Class 3. CKSTODA. Tapeworm?. Parasitic, without aliment try canal 
Example : Taenia *utiun>. 
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>" TREMATODA 

The Trematoda or “flukes” arc exclusively parasitic flatworms 
that live either as ectoparasites or as cndoparasites of various animals. 
The body is protected by a cuticle. The gut has two main lateral branches. 
The ectoparasites develop directly from the ova but the cndoparasites 
undergo metamorphosis and also change to one or more intermediate 
hosts. Most flukes are hermaphroditic; some are unisexual. 



PLANAR1AN 

UVERFLUKE TAPEWORM 

Fjo 133. Phylum Platyholmiuthos. Clu»scs: I'urbollurin, Trematoda and Ccstoda. 

Over 3000 species of cndoparasitic flukes arc known from the world on 
various hosts from fishes to man. Different species attack different 
parts of the host ; some inhabit the gut, others the bile ducts, lungs, urinary 
bladder or blood vessels. 

Classification 
Class TREMATODA 

Subdues 1. MOXOUES EA . Ectoparasites without inoluiuorplmsis ; no 1 • • i » - «• - 
inodiuto hosts. Example : I*ol//aluma . 

Subclass 2. DIQEXEA. Endoparusitcs with metamorphosis and intermediate 
hosts. 

Order i. Gastkrosto&iata. Mouth noar the middle of body. Example : 
Bucephaltu. 

Order ii. Prost «M.vr\. Mouth at the anterior end and H'lrroumhal by 
nuckor. Kxomploc Fate iota, Echifto.ioma , 
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1 LIVERFLUKE 

Bionomics.— The liverflukes are parasitic in the liver and bile ducts of 
sheep, goat, ox, horse, ass, pig, cat, rabbit, man and various other animals. 
They cause the disease called “ liver rot ”, which often ends fatally. The 
larval stages are passed in snails or in snails and fishes. Several species of 



I-io. I.W. /r-jwlfca. External features in ventral view. 

2. Fasciola giganOa the gian: liverflukc from America, Europe, Asia 
and Africa, 3. Fu<civlouUs magna from Europe and America, 4. Dicrocoelium 
dtndrxticum (formerly Fasciola lanceolatum), 5. Opisthorclis sinensis the 
Chinese livcrfluke, and 6. Ku’ijhuna pancreaticum of sheep and goat 
from India and America. Farcioia hepatica (formerly called Distomum 
h'palicum) is the commonest species which is widely distributed all 
over the world. Its systematic position is given below: 
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Phylum PLATYHELMINTHES 
Class TREMATODA 
Subclass DIGENEA 
Family Fasciolidae 
Genus Fasciola 
Species hepalica. 

Structure. — The sexually mature livcrfluke occurs in the bile ducts of 
its hosts. Its body is flat like a leaf, about 30 mm long, broadly rounded 
anteriorly and bluntly pointed behind. There is a blunt triangular 
projection at the anterior end of the body. The tip of this projection 
bears a cup-shaped muscular anterior sucker surrounding the mouth. 


ns 3 

^ 8 a 7 .'£■ / 



FlO. 100. Alimentary and nervous systems of Fasciola hcjHtiica. 


* Just behind the base of this projection, the ventral or posterior sucker 
lies on the median ventral line. The ventral sucker serves for securing an 
* anchorage in the host. Between these two suckers is the genital opening . 
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On ihe dorsal surface is the opening of the Laurer.Steida canal in' 
the median line. At the posterior end of the body the excretory pore 
opens to the outside. 

The digestive system comprises a muscular pharynx behind the 
mouth, a short oesophagus, which bifurcates into two enterons in front of 
the ventral sucker. The enterons run backward, one on either side of the 
median longitudinal line and give off a number of diverticula , reaching 
the margin of the body. The enterons end blindly, there being no anus. 



I he excretory >y a consists of minute transparent flame cells with 
vibrating cilia. 1 he fl -ni: cells continue as fine convoluted tubules, forming 
a net-w ork in every part of the body These tubules open into a main duct, 
which runs backward to open to the exterior by the excretory pore. 

The nervous system comprises a nerve ring round the pharynx with 
a median ventral ganglion and a pair of lateral ganglia. Paired lateral • 


PLATYHELMINTHES 25 1 

nerve cords arise from the lateral ganglia and run back to the postexior 
end of the bodj', giv.'ng off nerves at intervals. 

The liverfluke is a hermaphrodite : both ovaries and testes 
develop in the same individual. The testes are paired, highly branched 
tubes lying along the median longitudinal line of the body. The 
branches open into a vas deferens. The vas& deferentia of the two 
sides unite together into a seminal vesicle near the ventral sucker. 
From the seminal vesicle, a ductus ejaculatorius leads the semen 
to a cylindrical muscular penis The penis ends in the genital aperture. 


vitelline 

glands 



uterus 


ovary 1 ■ _ 

vas deierens 

vitelline dud 
t estes 

Fio. 162. Reproductive system of Fasciola hcpatica in vcnliul view. 


The ovary is an unpaired branched tube on the right side of 
the body. The tubes open into an oviduct. Vitelline glands secrete an 
albuminous fluid through a vitelline duct, which opens into the oviduct. 
At this point a shell gland surrounds the oviduct, which now continues 
as a much convoluted uterus to the genital aperture. 

Nutrition, respiration and excretion. — Formerly it was ^opposed 
that the liverfluke lives chiefly upon the bleed of the host, but it lias 
now been shown that the gut of the liverfluke contains neither haemoglobin 
nor corpuscles. When hungry, the flukes migrate into the smaller bile 
ducts and feed upon the liver tissues and absorb the glycogen stored 
therein. - 
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Respiration in the livcrfluke is anaerobic : oxygen is not necessary 
for respiration. Respiration is essentially decomposing matter for the 
sake of energy. The liverfluke gains energy by fermenting glycogen in 
the absence of air. Carbon dioxide and fatty acids are produced as wastes. 
The metabolic wastes are separated by the flame cells and expelled through 
ciliary action by way of the excretory pore. 

Life-history —The life-history of the liverfluke is perhaps one 
of the most complicated among animals. The liverfluke is a hermaphrodite. 
When two flukes copulate, the sperm is probably transferred to the 
Laurer-Stcida canal. From here the sperms are later shed on the ova 
as they pass down the uterus. A single liverfluke produces over 500,000 
eggs during her life. Each egg is covered by a chitinous shell, with 
a lid or operculum on one side and is provided with yolk for the 
developing embryo. A single sheep is often infested with nearly two 
hundred liverflukes. The sheep therefore scatters about the unbelievably 
prodigeous number of a hundred million eggs of the liverfluke ! These 
eggs arc already in an advanced state of development. The liverflukes 
discharge the ova into the bile ducts, whence they pass down into the 
intestine of the sheep and arc voided with faeces. The eggs are beset 
with innumerable chances of failure. If they arc dropped in dry places 
they arc destined to die. At temperatures below 10'C they do not develop 
but remain alive for several months, waiting for favourable conditions. 
11 however the sheep has dropped the faeces containing the ova in 
warm damp places, especially on the immediate bank of a pond or stream, 
the embryo complete:, it-, development in about ten days. 

I-rom each egg emerges a minute larva by pushing off the operculum 
ol the egg. I hi*, •. r» K * miracidium larva. It is pyriform and clothed 
with cilia all ovei. The cilia are the locomotor organs of the miracidium* ' 
The larva has a pointed rostrum or beak anteriorly. There are two 
eye spots cmrpe cd c! crescentic pigmented cells. There is no gut 
or endoderm but there arc circular and longitudinal muscles and paired 
excretory organ, culled nephridia. Each nephridium is composed of 
a flame cell. The poMerior half of the body is filled with germ cells 
that arc capable of giving rise 10 a new generation of larva of another 
type. There is also a nerve ganglion. 

If the miracidum hatches in water, it swims actively for about eight 
hours. At the end of :hr period it is destined to die, unless it chances to 
meet with certain specie- of snails (Limnea spp.). While swimming, the 
miracidium tests all objects with which it comes into contact. Millions of 
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it has entirely vanished inside. Even after entering the right species of th$ 
snail, the chances of survival are not by any means bright for the miracidium. 
It must also have happened to bore into the right place in the snail ! The 
miracidia which bore into the muscular foot of the snail perish but those that 
enter the softer parts like the pulmonary chamber survive. Thence the 
miracidia migrate by way of the blood vessels or lymphatics to the liver of 
the snail. Here they undergo metamorphosis. The cilia are lost and the 
body swells up into a spherical sac-like sporocyst. Each germinal cell now 
divides repeatedly without fertilization and gives rise to germinal balls 
or blastula. The blastula undergoes gastrulation and becomes a second kind 
of larva called redia . In each sporocyst about eight redia are produced. 

A redia is an elongate cylindrical larva with mouth, pharynx and un- 
branched cntcron, having no eye spots. Flame cells, circular and longitudinal 
muscles are present. The body is packed with germ cells. Finally the 
redia breaks through the wall of the sporocyst and goes into the tissues of 
the snail, particularly the liver. When full grown, the redia reproduces in its 
turn, again without fertilization ; two or three generations of rcdiac arc thus 
born. Ultimately the germ cells give birth to another type of larva called 
cercaria. By this time the snail is usually killed. 

The cercariae escape from the redia by the birth pore. A cercaria 
looks like a tadpole with an enormous head and a long tail. It has oral and 
ventral suckers, mouth, pharynx, oesophagus bifurcating into a pair of tubular 
cntcrons and excretory canals. Immediately after birth, the cercaria 
burrows its way out of the snail into the water and leads a free-swimming 
lire for a short while. Finally it wriggles out of water on to some blade of 
grass or leaf of other aquatic plants. The cercaria now loses the tail and 
becomes a metacercoria. A cyst wall is secreted. The encysted meta- 
ccrcaiiae arc viable for sonic months. If this blade of grass is eaten by some 
sheep or other hcih»w vous animal, the cysts dissolve in its stomach and thus 
the mctacercariac arc liberated. The mctacercariac have most of the organs 
of the adult liveiflukc except the gonads. From the stomach they pass into 
the intestine and thence up into the liver, where they slowly grow into the 
adult liverflukes. 

The complex life-history of the liverfluke may be summarized as 
follows : 

A. IN SHEEP 

The adull lives in the bile ducts of sheep and various other mammals. 

Its eggs pass doun into the intestine of the host and arc voided with 

the faeces. 


I 
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•b. IN WATER 

A free- swimming ciliated miracidium hatches from the eggs, which 
happen to be dropped in or near water. The miracidia swim for some 
y hours in search of snails. 

C. in snaii. 

1. The miracidium burrows into the soft tissues of particular species 

of fresh- water snails and reaches the pulmonary chamber. Here 
ihc miracidium becomes a sac- like sporccyst. 

2. The sporocysts develop into redia. 

3. Rediae reproduce ascxually for three or four generations and give 
rise to more rediae. 

4. Rediae produce ccrcariac. 

D. in WATER 

Ccrcariac arc free-swimming for some time. 

E. ON GRASS 

The ccrcariac climb on to blades of grass and become encysted as 
mctacercariac. 

, F. IN SHEEP 

If these blades of grass aic eaten by sheep, the cysts dissolve in its 
stomach, the mctacercariac escape as young liverflukes. They ascend 
up the bile ducts, reach the liver and become adults in course of time. 

Significance of the simple strlcture and the complicated life-history 
Parasitic Adaptations — The simple structure and the complicated 
life-history of the livcrflukc are adaptations for an cndoparasitic mode of life. 
The simple organization of the livcrflukc is not a primitive condition but is 
the result of degeneration that comes from a sheltered life led by an 
endoparasitc. The complicated life-cycle is a device to minimize the eflcct 
of numerous failures that beset the path of the livcrflukc. The various 
adaptations of an endoparasite are directed to two ends: i. self preservation 
and 2. race preservation. The simple organization ensures the first and the 
complicated life-cycle guarantees the second. 

The liverflukc leads a protected life, safe within the host and has not to 
work for a living. It has plenty of ready-made and predigested food, 
viz. glycogen stored in the liver. It is thus saved frem spending material 
! and energy in building organs of locomotion, skeleton and special semes. It 
has no faeces to void and thus has no anus. As there is no need for digestion, 
there is also no need for special circulatory system. The alimentary canal 
itself forms the circulatory system: the branched gut carries the food to every 
s* 
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part of the body. Respiration is carried out in absence of oxygen. Even an K. 
endoparasite has to expel metabolic wastes from various parts of the body and 
thus the excretory system of the liverfluke is itself branched to facilitate their 
collection. Thus the branched condition of the v'seera is the result of N 
parasitic mode of life. The liverfluke has eliminated the expenditure of 
a large amount of material and vital energy by not building many organs that 
arc unnecessary. The material thus saved is used up in increasing the 
reproductive capacity. 

The number of eggs produced by an animal constitutes its 
reproductive potential . The liverfluke has a very high reproductive 
potential : each individual produces nearly half a million ova. These 
ova however cannot develop in the sheep, in which the parent lived, because 
the sheep is destined to die from the effects of the attack. The progeny 
must therefore reach another sheep. Many chances of failure beset the 
developing embryo, such as unfavourable conditions of temperature, humidity, 
locality, etc. Thousands perish. Even if we imagine that all the ova hatch 
into miracidia, there is no guarantee that every one of the larvae will succeed 
in entering the right species of snail. Unless therefore an cncrmous number 
of ova arc scattered, there is no hope even for one egg reaching maturity. ' 
The high reproductive potential is further boosted up by paedogenesis, i.c. 
reproduction by the larvae. A single miracidium may give rise to about 
io,coo cercai ac. 'I hus it is ensured that at least one or two of the mctacer- 
cariac arc swaik wed by a sheep. 

A high reproductive potential, paedogenesis, combination of sexual and 
asexual inodes o reproduction, actively swimming larvae and different types 
of larvae are various captations for a parasitic life. These adaptations 
ensure the sunival c' -h* race. 


Effect of parasitism by liverfluke on the hosts.— The liverfluke is as 
truly parasitic in the '.nail ns in sheep. The presence of the parasites affects 
both the hosts in a number of ways. 

The effect on tue rduep. -The parasite feeds on the glycogen stored 

up m the liver o: i-w shc^p. This drains away a considerable amount 

of vitality of the sheep. Enormous numbers of the fluke often block 

up the bile duus and 'n*c:fcro with the proper functioning of the liver 

tissues. i he me <:boi:c wastes of the liverfluke are shed into the bile 
ducts and when absorbed into the body act as toxins to the sheep. Damage 
is also done by the migration of mctaccrcariae, which literally cat their 
way through various organs, before iinally reaching the liver. This causes 
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t ulcfcrs with disastrous consequences. The combined effect of all these 
is slow weakening and death of the host. 

Effect on the snail.— The effects of the attack by the liverfluke larvae 
on the snail are both mechanical and chemical. The rediae eat their way 
* through to the liver from the pulmonary chamber. The toxins secreted 
by the parasite seriously disturb the metabolism of the snail. The organs 
invaded by the parasite cease to function properly. They waste their 
energies in getting rid of the toxins and thus become atrophied in 
course of time. Sometimes gigantism of the snail arises from the attack 
of flukes. 

• Immunity of hosts to attack of liverfluke*.— Both larvae and adults 
of the livcrflukcs show marked preference to certain hosts and fail to 
develop in others. The cercaria of Fasciola hepatic* shows a preference 
to the fresh-water snail Limnae* truncatula , though it may sometimes 
attack other species. Hosts often produce antibodies which confer 
immunity from the attack of the liverflukes. For example, Fasciolopsis 
buski cannot develop in rabbits, monkeys, cat, sheep, rat or oxen but 
4 readily do so in man and pig. 

Natural enemies — Liverflukes have their own natural enemies to 
answer. They have their own parasites : hyperparasitesy that is, 
parasites on a parasite! Several Protozoa, for example. Noscma, are parasitic 
on the flukes The eggs of Fusciolopsis buski are attacked by Chytri- 
diaceac. The cercariae of some trcmatodcs, for example Colylurvs f parasitize 
the rediae of liverfluke. 

Some Other Important Trematodes 

Bloodflukes. — The bloodflukes arc important parasites of man in 
Egypt, South Africa, Madagascar, China and Japan. 

The sexes are separate. • The male is large and has the sides of 
its body folded over to form a permanent gynaecophorous groove , 
in which the slender but elongate female is permanently carried in 
copulation (Fig. 164). Such paired adults occur in hundreds in the veins 
from intestine, kidneys and urinary bladder. They cling to the wall of the 
blood vessel by their suckers and feed on the blood. They ascend up 
the veins against the blood stream in order to lay eggs in the capillaries. 
The capillaries become so gorged up with the eggs that they rupture 
and bleeding takes place in the intestine or urinary bladder. The eggs 
pass out with faeces or with urine. The miracidia hatch out on contact of 
the eggs with water and attack the snails of the genera Bulinus or l’lanorbis 
- * and become sporocysts. The sporocysts produce cercariae, which escape 



gynaecophorous 

canal 


anterior sucker^ 
posterior sucker 


Fio. 104. Schisto* ow n /.at uiob.ii The female is carried hv tho male in the 
pynnocophorous canal. {From It. Hcrt’Xuj Lthrbuch der Zoologic. Gustav Fischer). 

There are several species of bloodflukes : . 

i. Schistosomia (formerly Bilharzia) haewatobia (Fig. 164) is the 
the most wide-spread and dangerous of all the bloodflukes. It is abundant 
in the Mediterranean countries and also occurs in various parts of 
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into the water. New infection of man occurs by the cercaria burrowing 
into him while bathing or through his drinking water. The young 
worm makes its way into a blood vessel and is then carried to the 
portal vein, where the females and the males copulate. The attack 
by bloodflukes causes, a disease called schistosomiasis , characterized 
by pain, cough, rash, dysentery, haematury and anaemia. 
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Asia as well as Australia and America. In addition to man, it attacks 
rats and mice also. 2. Schistosomia joponicum is peculiar to China and 
Japan, where it attacks man, cat, dog, horse and cattle. 3. Schistosomia 
indicum occurs in sheep and horse in India. 4. Schistosomia 6011s infests 
sheep and cattle in India, Malaya, Indo-China and Africa. 

Lungfluke. — The lungflukc, Para.jonimus wefUrmanii, occurs in the 
lungs of man in China, Japan, the Philippines and South America. It 
also attacks various other mammals like cat, dog and pig. The eggs arc 
voided with the sputum and the miracidia bore into the snails of the genus 
Melania and become sporocysts. One or two generations of rcdiac arc 
produced a sexually in the snail and finally cercariae with short tails find a 
second intermediate host in fresh-water Crustacea, like crabs and crayfish. 
In the second intermediate host they become encysted as metaccrcariac. 
By eating raw crabs or crayfish, as is usually done in China, man becomes 
infested with the lungflukc. 

Intestinal fluke -The intestinal fluke, Fasciolopsis busk 1, lives in the 
intestine of man and pig in India, China, Indo-China and East Indies. 
Miracidia attack snails and cercariae are encysted on water-nuts ( Trapa 
notans ; Hind, singhara or paniphal). Eating raw water-nuts introduces 
the parasite into man. 

CESTOIDEA 


The CESTOIDEA are slender, elongate, flat and ribbon-shaped worms, 
popularly called “tapeworms”, that arc exclusively parasitic in various 
animals. Their body is often composed of short proglottid s and a knob- 
like scolex. Some of them are minute while others exceed twenty-five 
feet in length. They have suckers and hooks for attachment. They lack 
cilia, mouth or alimentary canal. The food is absorbed directly through 
the body wall. The excretory system is well developed and the nervous 
system comprises a nerve-ring and three pairs of nerve cords. The 
reproductive organs are the best developed of the systems. 

The life-history of the tapeworms is complicated and includes changes 
of one or more intermediate hosts and larval types. Tapeworms attack 
various mammals, birds, reptiles, amphibia, fishes and arthropods. Nearly 
two thousand species of tapeworms arc so far known. 

Classification. 

Phylum PLATYHELMINTHES 

Class CESTOIDEA. No alimentary canal, body composed of numerous 

each of which is sexually complete. . , , n c ^.„ n | 

Subclass 1. c estop aria. Only one section in bxly and 
organs ; parasitic in priraitivo lishes. 
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Subola88 2. 
Or<ler i. 

Order ii. 

Order iii. 

Order iv. 
Order v. 


cestoda. Many sections and sets of reproductive organs; bulk of 
the tapeworms. 

Psoudophy II idea. Scolex with a pair of suckers but no 
hooks ; two or three larval stages in Crustacea and fishes. 
Example : Dibothriocephalus latva (fish tapeworm). 

T e t r n r h v n e h i d o a. Scolex with two to four suckers and four 
proboscids hearing numerous spines Larvae in marine Invertebrates 
and oduhs in fishes. Example : Tetrarhynchus. 

Totrnphyllidoft. Scolex with four su-*kors ; in fishes and 
reptiles Example : Phyllobolhrium. 

D i p h y 11 i d e a. Scolex with two suckers and many hooks and 
about one-fourth length of body ; larvae in Crustacoa and Mollusca 
and adults in fish. Example : Echinobothrixnn . 

Cyclophyllido a. Scolex with four cup-shaped suckers and 
a rostellum armed with hooks. Examples : Taenia , Ech>nococcu»- 
anti Hymenolepis. 


2. TAPEWORM 


Occurrence and systematic position. — Tapeworms occur in all 
parts of the world. About half a dozen species infest man : Taenia solium 
the pork tapeworm, 2. V. saginata beef tapeworm, 3. T. pisiformis cat and 
dog tapeworm, 4. Dipl yllidium caninum, dog tapeworm, etc. Taenia 
•ilium, is the commonest of the tapeworms that attack man. It has been 
known from ancient times. Infection by this tapeworm is wide-spread in 
China, Europe and America and is due to eating insufficiently cooked pork. 
'1 he adults occur in the intestine of man and the larvae in pigs. 

Its systematic position is given below : 

Phylum PLAT YIIELMINTHES 
Class CEJTOlhEA 
S*. bclass Cf.'iODA 
Order ( '.•/« « ■ 

Family Yacniiuae 


• [ OC««.*S f'/h'W. 

Structure — T he pcV. !. p.worni attains a length of about 30 feet 
when mature. ’« ^ j knob-like head or scolex by means of 

which the tapew >r 1: h\ to the wall of the intestine. The scolex 

has four muscula* •* ; suckers or acetabula. The tip of the 

scolex is elevated in < . cvcrtible rostellum , bearing a double crown 
of about twenty-eight :<ooks. Some of the hooks are large and others 
are small. The suckers and hooks serve to fasten the scolex to the wall of 
the intestine of the host. Behind the scolex there is a narrow elongate 
unsegmented neck. The neck is followed by the strobila or the rest 
of the body. The strobila is composed of a series of nearly one thousand 
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" partitions called proglottids. While the scolcx is imbedded in the mucus 
of the intestinal wall, the strobila hangs freely in the cavity of the intestine. 
The proglottids become larger and larger posteriorly. New proglottids 
are constantly budded off from the neck. The oldest proglottid is thus the 
posterior-most. When mature, it gets detatched and is passed out with the 
faeces of the host. 



The body is covered by resistant, elastic, thin cuticle. The bulk ol the 
body cavity is filled up by parenchyma. There is a well developed muscular 
system composed of circular and longitudinal bundles. There is no mouth, 
V anus or alimentary canal. The tapeworms live in the intestine, where 
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they are aetually soaked up in digested food ready to be absorbed directly by • 
the general surface of the body. Tapeworms do not even have to feed. 

The excretory system comprises the flame cells connected to much 
branched tubules. These tubules unite to form four longitudmal vessels , 
two running along each lateral margin, one dorsal and one ventral. They 
extend from the scolex to the last proglott.d, where they open posteriorly 
by the excretory pores. The longitudinal vessels are connected by a 
ring-like vessel in the scolex and by a transverse branch posteriorly in . 

each proglottid. 



vas deferens 


nerve 


uterus 


cirrus 


.hell gland 


gen pore 


ovary 


vitelline gland seminal receptacle 




Kin. ICO. A rij»o j»r. of /«»<* -i iitg ( lie reproductive organs. 

( Aflcr Lcuckarl'* l'urasiUn J< * JUttfAt •). 


The nervous system comprises a nerve-ring in the scolex. Nerves 
are given off from the ring to the suckers and to the rostcllum. The ring is 
joined to three pairs of longitudinal nerve cords extending backward into 
every proglottid. 

The tapeworm is a hermaphrodite. Except the first two hundred, 
every proglottid has a complete set of reproductive organs, comparable 
to those of the liverfluke. The male reproductive organs mature first. 

The male genital aperture and the vagina open to the outside very close > 
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, together on the lateral margins irregularly alternately in each proglottid. 
The testes are very numerous : a proglottid has often five hundred testes. 
A vas eff evens arises from each testes. The vasa efferentia unite into a 
coiled vas deferens. The terminal part of the vas deferens is the cirrus 
or penis. It is surrounded by a cirrus sac , which serves to erect the penis 
during copulation. 

The ovary is a bilobed mass in the posterior part of the proglottids. 
Each ovary is a branched tube opening into the median oviduct. The 
vitelline gland and the shell gland are located behind the ovary. The 
uterus docs not open to the exterior of the proglottid. The eggs contained in 
the uterus are set free by the bursting of the proglottid and of the uterus 
In the gravid proglottid the testes and ovaries become atrophied. 

Spermatozoa are transferred by the evcrtiblc cirrus to the oviduct. 
Sperms from the same proglottid or from a different proglottid or from the 
proglottids of another individual may fertilize the ova. 

Life* history — Two hosts are necessary for the tapeworm to complete 
its life-history. The zygotes, with which the ripe proglottids arc gorged, 
undergo the early embryonic development in the human intestine. Ultimately 
they develop into a spherical hexacanth or six-hooked embryo, often also 
called onchosphere. The hexacanth is enclosed within the egg shell. 
They are incapable of developing into tapeworms in the human host. The 
egg shells arc liberated by the bursting of the proglottids or the entire gravid 
proglottid are expelled with faeces. The hcxacanths cannot escape from the 
egg shell. If a pig devours the infected faeces, the proglottids and thousands 
of hexacanths are swallowed. In the stomach of the pigs, the proglottids 
and egg shells arc digested and the hexacanths arc thus set free. They pass 
down with the food into the intestine. With the help of the six hooks the 
hexacanths start burrowing through the intestinal walls into the intestinal 
blood vessels and are carried by the venous blood stream to various parts of 
the body. Finally on reaching the voluntary muscles, they settle down and 
in three or four weeks become oval bladder-like sacs about a quarter of an 
inch long and filled with a clear fluid. These arc the cysticercus or the 
bladderworm larvae. 

The cysticercus'secrctes a cyst around and the muscles of the host also 
secrete an isolating cyst around the cysticercus. In due course the wall of 
the cysticercus becomes thickened at a certain spot, which then invaginates 
into a hollow finger-like proscolex or the rudiment of the future scolcx. 
This invagination of the wall of the bladderworm grows deeper, so that the 
proscolex becomes longer and is also sharply bent at right angles to one side 
as a tube. 
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From the base of this tube four suckers and the corona of- hook?- $- 
develop. The proscolex is later evaginated or turned inside out bringing 
the suckers and hooks to the surface. This final change to the scolex cannot 





however take place unless the flesh of the pig is eaten by man. When man 
eats impropeily cooked or raw “measly pork” (as pork infested with 
cysticercus is called), the cyst walls arc digested in the stomach and the 


after Leckart's Darueiten dee Menechen.) 
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bladderworms gain their freedom. The proscolex is everted as scolex and 
the bladder is lost. The scolex now fixes itself to the mucous lining of the 
intestine. The scolex and its neck absorb the rich nutrient liquid com- 
prising the digested food in the intestine.and steadily grow. The neck buds 
off proglottids and in about ten to twelve weeks the first ripe proglottids are 
ready to be detached. 

SYNOPSIS OF THE LIFE-HISTORY 

I. IN MAN. 

1. Eggs are fertilized. 

2. The embryonic development is completed and onchcsphcres 
or hcxacanth embryos are enclosed in the egg shell. 

3. The gravid proglottids break off and pass out with faeces. 

II. IN PIG 

1. The pig swallows human faeces with the embryos. 

2. The proglottids and the egg shells are digested in the stomach. 

3. The hexacanths burrow into the intestinal wall and are 

carried by the blood stream to various organs. 

4. Many of them reach the voluntary muscles. 

5. They become encysted as cysticercus. 

6 . The proscolex is invaginated from the wall of the cysticercus. 

7. Suckers and hooks develop in the base of the cup- shaped 
proscolex. 

III. IN MAN 

1. Man cats pork containing the encysted cysticercus. 

2 The cyst walls arc dissolved in the stomach and the cysticercus 
escapes into the intestine. 

3. The proscolex is evaginated as scolex and neck. 

4. Scolex anchors itself to the intestinal wall. 

5. The young tapeworm absorbs nourishment from the digested 
food passing down the intestine and grows. 

6. The neck buds off proglottids. 

Other Tapeworms 

I. Taenia saQxnala. The beef tapeworm. This tapeworm i-. of 
cosmopolitan occurrence. Its life-history is similar to that of the pig tape- 
worm but the hexacanths are scattered on grass and pass into the stomach 
of a grazing cow or ox The cysticercus occur mostly in the pterygoid 
muscle. Man becomes infested by eating improperly cooked beef containing 
the cysticercus. The proscolex of the cysticercus has only four muckers but 
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has no hooks. The adults have often as many as 2oo proglottids and the ^ 
scolex bears four suckers but lacks the crown of hooks. • 



2. Taenia pisiformi*. Cat and dog tapeworm. This is common 
all over India. The adults occur in the intestine of cat, dog, tiger, lion 
and leopard and the cysticercus is encysted in the liver and mesenteries 
of rabbits and other rodents. 
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3. Taenia echinococcus (formerly Echinococcus granulosus). The 
dog or the hydatid tapeworm is one of the most dangerous tapeworms. 
The adults infest the intestine of dog. It is a small worm, hardly 
5 mm long and is composed of up to five proglottids. The scolex bears 
about fifty hooks and four suckers. The uterus is a convoluted tube. 
The last proglottid is gravid. Due to the unclean habits of dogs, the ova 
occur even in their mouths. Man becomes infected through water or 
food polluted by dogs or by kissing dogs. The embryo reaches liver, brain 
and various other vital organs of man. The cysts often attain the size of 
the head of a child and are full of liquid. The cysticercus gives rise 
to not one proscolex as in the pig tapeworm but many Each proscolcx 
produces daughter proscolcces, so that out of a single egg a very large 
number of adult tapeworms arc produced. The presence of the cyst 
gives rise to the hydated disease which often ends fatally. Man is the 
intermediate host. 



Fio. 109. A ripo proglottid of Dibolhriocephulu// lulu*. 

The adults also occur in jackal and wolves. Other intermediate 
hosts are apes, monkeys, cattle, sheep, elephant, pig, cat, and various 
other mammals. 

4. Hymenolepis mvrina (formerly U. nana). The dwarf tapeworm. 
Adults occur in human intestine and larvae in intestinal villi. This 
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tapeworm has no intermediate host. It is common in several parts of 
Italy and parasitizes rats in India. 

5. Moniezia expansa. The sheep tapeworm infests the sheep, 
goat, ox, camel duck, etc as adults. The larvae are found in mites. 

6 Diphyllidium caninum. The dog tapeworm The adults of 
this tapeworm live in the intestine of dog and occasionally also cat and 
man. Larvae in dog louse, dog flea, cat flea and human flea. 

7. Dtbofhriocephal'is lulu 9. The fish tapeworm. This species 
is widely distributed in Europe, America, China and Japan. The 
hosts of this tapeworm include man, dog. cat and several other fish- 
eating animals. The adults of this tapeworm are the largest after 
Taenia saginala among those that attack man The number of proglottids 
often reaches upto 4000. 

A ciliated embryo hatches from the ova in fresh-water and swims 
about actively iil> it finds water-fleas (Cyclops), which it penetrates. When 
these Crusrscca are swallowed as feed by fish, the second type of larva 
called pleurocercoid is formed in the fish. Eating raw fish, as is usually 
done in China, leads to infection of man by this specis. 

SYNOPSIS OF TAPEWORMS OCCURRING IN MAN 
U. Man the main host 


t. 

nin solium 

... Cosmopolitan 

2. 

., xuginnlu 

••• )> 

3 - 

., uif'jnlis 

... South America 

4. 

„ *rylhratu 

... Abyssinia 

<. 

ph it. ftpi.fi 

... Philippines 


,. CO Ilf ifi'l 

... U. S. A. 


. , /•*•; 1, rl 

... Nigeria 

y. 

j, ran in urn 

... India 

9 - 

,, Ihjmenolcpis murina 

... U. S. A. 

10. 

„ i)ibo!hriocc phalus la! us 

... Europe, America. 

Man the imcrmcdia'c host 

1. 

Tac n ia < rh : uncos? •> < 

... Cosmopolitan. 


Comparison of the liver fluke with the tapeworm 
The tapeworm resemble- the iiverfluke in several essential characters : 
1. bilateral symmetry, >. triple tic origin of the organs, 3 coelom 
filled up with parenchyma, 4. absence skeletal, circulatory and respiratory 
organs, 5. branched excretory and r< productive organs, 6. hermaphroditism, 



1 



Fig 170. Throe human tupcworms. A, B & C. scoleces und I, H & < 
proglottid* respectively of Taenia sayinata, T. solium and Dibothriocc/il. > 
D. measly pork cmt-ining encysted ombryos, E onchosphero (hcxacantti). -I . 
invaginutod, K. proscolox with hooks and suckers, L scolex everted. ( .'/•</ 
Leuckart's Par as i ten des Menscthe.i.) 


The tapeworm however also differs in a number of respc.is. It 
is in some ways better adapted than the liverfluke for an cs r parasitic 
mode of life. The degeneration of its organization due to the p..i isitic iile 
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has also correspondingly progressed far more than in the liverfluke 
All the vital activities of the tapeworm are reduced to the highest level 
of economy and arc concentrated only on two functions: excretion of 
metabolic wastes and maximum reproduction. Living soaked, up in the 
digested food of its host, the tapeworm has not even the need for swallowing 
and digesting the food and therefore lacks an alimentary canal.. The 
loss of the digestive tract is the height of degeneration. A tapeworm 
neither eats to live nor lives to eat but lives only to reproduce ! The 
larvae of ihe liverfluke actively find their intermediate hosts but the 
tapeworm hcxacanths do not even take that trouble. They are passively 
taken in by the intermediate host. Further, the cercariae and rediac 
actively migrate from one organ to another in the intermediate host but 
the tapeworm larva is carried passively by the blood stream to its place of 
encystmcnt in the intermediate host. Truly the tapeworm leads the laziest 


life ! 


SYNOPSIS OF DIFFERENCES 


LIVERFLUKE 

\d"lf 

1. Body leaf-shaped and not parti- 

tioned into proglottids ; generally 
1 - 2 inches long. 

2. No ''CoIcn. 

3. Only one sucker serves for attach- 

ment. 

4. Mouth present. 

Alimen*:.ry canal a branched tube. 

6. Excretory system opens to the 

outside by a single excretory pore. 

7. Ovary unpaired. 

8. Oviduct communicates with the 

outside through the genital 
aperture. 

9. Ova discharged actively by the 

parent through the genital 
aperture. 

10 Nerve ring and two longitudinal 

cords. 

11. Adults in liver, blood and lungs, 
rarely gut of the host. 


TAPEWORM 

Body ribbon-shaped, partitioned 
into a number of proglottids and 
generally several yards long. 
Scolex present. 

Generally four suckers and several 
hooks serve for attachment. 

No mouth. 

No alimentary canal. 

Excretory system opens to the 
outside by paired pores. 

Ovary paired. 

Oviduct ends as a blind uterus. 

Ova escape through the rupture of 
uterus and of the proglottid. 

Nerve ring and three longitudinal 

cords. 

Adults in the gut of the host. 


PLATYHELMINTHES 


TAfe-IJistory 

1. The ova are discharged actively 

by the parent through the genital 
aperture. 

2. The ciliated miracidia actively 

swim in search of the intermediate 
host. 

3. The miracidia and redia actively 

migrate by burrowing from one 
organ to another in the intermedi- 
ate host. 

4. The sporocyst and redia develop 

respectively in the pulmonary 
chamber and liver of the inter- 
mediate host. 

5. Cercariae leave the intermediate 

host and actively swim in search 
of grass on which to encyst. 
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Ova are not discharged but escape 
by the rupture of the uterus and 
the proglottid within the stomach 
of the intermediate host. 

The hexacanth is not free; it is 
enclosed in the egg shell and is 
taken passively by the intermedi- 
ate host. 

The hexacanth is passively trans- 
ported by the blood stream of the 
intermediate host. 

The cysticercus develops in the 
voluntary muscles of the inter- 
mediate host. 

The cysticercus remains encysted 
in the intermediate host itself 
and waits to be picked up by the 
main host. 


RKSUMt 

I. Platyhelminthe* 

1. Tho Platyholmintlu 8 are bilotcrolly symmetrical unRcgnu-ntcd fl.it worms, 
that usually havo branched viscera ond parenchyma filling up the coelom. Somo nro 
freo living und others aro parasitic. 

2. They nro divided into three classes : Turhellnrin, Tn matt da and Ccstoidca 

3. Tho Trenmtodn comprise livei flukes, bloodflukcs and other parositic forms. 
Tho Ccstoidou comprise tapeworms. 

II. The sheep liverflukes 

4. Fasciola hepalica infests the liver and bile durt9 of sheep, gout, ox, man 
and various other unimols ond causes "liver rot”. It feeds on the gl) cogen ami 
the liver tissues of its hosts. 

6. It is a leaf-shaped flntworm with a pair of suckers, a blind but min i* 
branched gut and well developed gonuds 

6 In tho course of its complicated life-history, it passes through sever. il larval 
forms and requires two hosts to complete the development. The miracidia lurvm* «h»i 
hatch out from tho ova voided with sheep faeces, burrow into the pul. non.. ry 
chumber of fresh-wntor snails. In the liver of the snail, they change to >p.u . Ms 
from which develop the rediae. The latter reproduce partlicnogcnei i- mU mid 
finally give rise to cercariae Tho cercariae leave the snuil and become om-yMeii as 
metucercariao on blades of gras?. A sheep harbours tho inctaccrouri.i. whilo 
grazing. Tho inotacorcariae escape as young liverflukes in the stomach. 

7. Tho simplicity of organization and the complexity of life-h M*»ry are tin* 
direct results of an ondoparasitic lifo. 
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III. The pork tapeworm 

8 Tapeworms ure mostly intestinal parasites of mun and other animals. They 
lack an alimentary canal The body is composed of scolex with hooks and a ^ era 
and of se%eral proidottids Each ripe proglottid contains a complete sot ol 
roproductivo organs. 

9. TI 10 ripe proglottid* pass out with human faeces and are swallowed by pigs. 
The lioxacanth embryos become encysted in the voluntary ii.uscles of the pig. Man 
becomes infected by eating meosely pork. 


CHAPTER X 

NEMATHELMINTHES 


Nemathelmmtbes. The Nemathelminthes comprise the cylindrical 
unsegmented roundworms or threadworms. They are triploblastic and 
bilaterally symmetrical. The body is protected by non-cellular cuticle. 
They differ from the flatworms in having a complete digestive tract, with 
mouth and anus. They do not also have suckers or cilia. The body wall 
consists of only longitudinal muscle bundles ; there are no circular muscles. 

Circulatory or respiratory systems are absent and excretory organs arc 
simple. Nervous system comprises an anterior nerve-ring, giving off six or 
more longitudinal nerve cords. The sexes arc separate and there is no 
asexual reproduction. 

Most roundworms are small or minute but some arc several inches 

long. 

Roundworms are mostly free-living and inhabit moist soil or fresh- 
water containing decomposing organic matter and rich in bacteria, which arc 
their main food. Many aquatic species feed on algae and diatoms. Some 
attack roots or leaves of plants and give rise to swellings called galls. 
Several roundworms arc parasitic in various classes of animals. Man is 
parasitized by the following roundworms : 

1. A scar is lumbricoi des 

2. Enlerobiue vermicularis 

3. Slrorgyloides stercoralis 

4. Anc ylostom a duodenale 

5. Necator omericanus 

6 . \V acker eria boncrofti 

7. Dracunculus medinensis 

8. ^ richinella spiralis 

9. Trichiuris trichi ura 

Domestic animals are also parasitized by a number of species. For 
example, A. lumbricoides attacks cattle, sheep, goat, pig, etc., in addition to 
man. The horse is subject to the attack of A. equorum and other 
roundworms. The dog harbours Ancylostoma caninum. The chio<en are 
commonly parasitized by Syngamus trachea. Nearly three thousand species 
of roundworms are known. 
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Characters. The Nemathelminthcs are recognized by the following 
characters : 

1. Triplobliistic. bilaterally symmetrical, un sep men ted. slender, cylindrical 
worms with touph cuticle. 

2. Alimentary canal complete, with mouth nnd anus at opposite ends. 

3. Body wall with only longitudinal muscle fibres. 

4. Body cavity n pseudocel. 

5. No organs of cireubition or respiration. 

0. Excretory organs >imple or absent. 

7. Nerve ring round the oesophagus with 0 or more nerve cords. 

S. Sexes separate generally ; reproduction sexual only. 

9. Gonads with duets. 

It). Fertilization internal * 

I I. Egg- minute, witn chiiinnus shell. 

Classification 

Phylum NI..MA I If ELM l NTH Ks 
fi is* SJ-.MATOh I 


Order i. 
Older it. 


Order iii. 


MtOOt'A. Mouth with three lips; free-living or parasitic. 


I- ••tuples : A*car.'M t llelerodero, Angwllula, liter mi- *. 
Snu»\iivi.o>DC>. Oesophagus eluh-shnped but without 


or 


. „ _ . bull* 

' • |v< expanded caudal bursa in male; parasitic. Example*.; 
Sfroi-gylu*. At cyloMtomo, Steal or. ^ 1 

I'm akioiuka. Oesophagus inuseulur in front nnd glondulnr behind, 
wilhout bulb; parasi t ic, with iutermediato hosts. Examples : I Vvche 
ft i n, iJi-iv'iihriilux. 



ASCARIS 


ANKYLOSTOMA 


F Hi 171 Phylum N-‘>iiath*'liiiiiiilH.H a Order Asearoid<*a : 
loidea : Aiikylt/-'ltnnti. 


A sear itt. Order stronpy- 


Ordor iv. 


Order v. 


l)f»« lorn vnoil>EA. Spiny worms with one to three rows of 
papillae in the mouth; caudal bursa of male rayed; parasitic, 
with intermediate hosts. Example : Dioclojthyme. 


Triciiixf.li.oidka. Body with t he oesophageal und posterior regions 
distinct; ovary single: parasitic. Example ; Trivhhiella. 
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Bionomics and systematic position.-, I som* lunbrico.des, the 
common roundworm of man is of cosmopolitan distnbut.on. It has 
been known to man from very early times and is described in ayurvedic 
treatises It also attacks apes, pig, boar, squirrel and sheep The round- 
worm of the pig is morphologically identical with that of man but physiologi- 
cally distinct : the strains from the pig fail to reach maturity in man and vice 
versa. Its systematic position is as below: 

Phylum NEMATHELMINTHES 
Class NEMATODA 
Order ascaroidea 

Family Ascaridae 
Subfamily Ascarinac 
Genus Ascaris 

Species lumbricoides. 

Structure. — The adult worms are about the size and also have 
the general appearance of the common earthworm, but arc unsegmented. 
'The body is long, slender, cylindrical and tapering both anteriorly and 
posteriorly. The body wall comprises a smooth elastic cuticle with four 
whitish longitudinal lines. The cuticle is secreted by a subcuticular 
svnevtium or a sheet of nucleated protoplasm without cell boundaries. 
Beneath the syncytium lies the -single layer of longitudinal muscle coat. 
These muscles contract and bend rhe body dorso-ventrally. ‘ 

- The alimentary canal is a straight tube running the whole length 
of the body. The mouth opens at the anterior end. and is bounded by 
three lips: one dorsal and two ventio-lateral. The lips bear papillae. 
1 he mouth leads into the buccal cavity, continued behind as a muscular 
oesophagus for sucking the food. The oesophagus continues behind as 
the non-cellular intestine, for absorbing the digested food. The terminal 
part is the short rectum, which opens to the outside by the anus at the 

posterior end of the body. ; - . ' ... 

. T hc excretory system consists of a pair of longitudinal canals imbedded 

in the lateral longitudinal lines. These canals extend the whole length 01 
the body and aie connected anteriorly by a transverse ventral bridge, 
which opens to thc outside by a narrow ventral duct. There arc flame cells. 
Four large branched cells projecting anteriorly into the body cavity from the 
lateral lines constitute the phagocytic organs They act as filters an 
remove bacteria from the body fluids. 
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The nervous system consists of a nerve-ring surrounding the oesophagus. 
Longitudinal nerve cords arise from this ring and run the whole length of 
the tody. There are eight posterior nexve cords; a large median ventral, a 
median dorsal, two lateral and four sublateral. The longitudinal cords are 
connected by transverse commissures at intervals. The median and 
sublateral cords are motor nerves and the laterals arc sensory nerves. 
Tactile papillae at the two extremities of the body comprise the sense 


organs. 

The sexes are separate. The males are usually smaller than the 
females. The testis is a single elongate coiled tube practically filling 
up the body cavity. It is closed at the free end and is continuous with the 
vas deferens at the other end. This leads to a seminal vesicle for storing 
the semen. The vesicle opens into the rectum by an ejaculatory duct. 
The rectal opening in the male is thus not an anus but a cloacal opening. 
The cloaca is surrounded by a sheath containing two copulatory penial 
spicules , which are inserted into the vulva of the female at the time 
of copulation. 




The female genital organs arc paired ovaries connected to two uteri, 
which unite into a vagina. The vagina opens not into the rectum but 
directly to the outside by the vulva vcntrally at about the anterior 
one-third of the length of body. 

Life history.— The adults live within the intestine of the host, where 
the mating also takes place. The eggs are fertilized in the uterus. A 


single female produces nearly 250,000 eggs per day and may discharge over 


27,000,000 eggs during her life. The eggs pass out of the host with its 
faeces. After a period of development in warm damp place, the embryos 
become infective. The eggs are very hardy and can withstand prolonged 
desiccation and cold for several years. If ingested by man or other host, the 
larvae hatch out in the duodenum. They burrow into the intestinal wall, 
penetrate lymphatic or blood vessel. They are passively carried by the 
blood stream to the heart, whence they reach the lungs. Rupturing the 
capillcries, the larvae escape into the alveoli. In the alveoli they grow and 
cast off their skin. In due time the larvae migrate up the bronchi and 
trachea into the mouth and are swallowed. On thus reaching the intestine a 
second time they again moult and become young worms. 

Effect on the host.— The damage to the host is twofold : mcch inical 


and physiological. A few hundred worms block the intestine and thus cause 
intestinal obstruction The bile duct is also frequently blocked by the 
worms with serious results. When very numerous the worms often wander 
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up into the appendix, stomach, oesophagus and even appear at the moutfiV 
and nose. The greatest damage is done by the larvae during the migration. 
Their passage through ihe lungs sets up inflammation and leads to the 
condition resembling pneumonia. Toxins secreted by the worms cause \ 
sickness. Finally the worms rob the host of its food. 

2- HOOKWORM 

Bionomics. — There arc many species of “hookworms” that live m 
the intestine of man. They feed on the blood which they suck from wounds 
they make in the intestinal wall. The hookworms have no hooks but are 
called so because of the hook-like appearance of the subcuticular projection 
in the posterior end of male. The adults arc about 10 mm long and are 
provided with cutting plates in the mouth. They attach themselves to the 
intcsiinal wall and feed on the blood, lymph and mucus, thus causing 
bleeding into the intestinal cavity. 

The cosmopolitan species. Ancycfo'loii a ihiodcnalc and Neca'or americ- 
n n are common in India. 

Lite history. The bookworms mate in the intestine of their host. _ 
A single hcokwo"’: produce: nearly io,oco eggs per day. The early stages** 
of development • r* passed in li e host and advanced eggs pass out with the 
faeces. he iaivae hatch in one or two days, grow and moult twice. 

Alter about a week the larvae arc capable of infecting a new individual of the 
Post. On coming into contact with the bare feet, the larvae bore through the 
skin and reach the veins or lymphatics. They are carried by the blood 
v'.rcam :e the heart. Like ascaris, the> reach the lungs, ascend the trachea 
a«\. arc *-vallov c They finally reach maturity in the intestine. 

L\cn cocpi. h do/ens of hookworms cause so much bleeding that 
feti-ioria, li'ek o! cr.crvy, etc. result. 

f TRICHINELLA 

the • Ma worm or Trichincllu f/iiralis attacks man, pig, rat 

and ether ar - .is -i.o causes a disease called trichinosis. The attack is 
characterized b r r, »c « he abdomen, swollen muscles and fever. The worm 
is cosmopolitan tr-il cm 2 non in America, Europe and India. 

Life history.— The females are viviparous. After copulation, the 
female burrows into the intestinal wall and penetrates the lymphatics. Here 
it gives birth to a large number of larvae. These arc carried by the 
lymph and the blood stream to the muscles of the diaphragm, tongue, throat, 
eyes and ribs. They now grow and become encysted. They retain life for 
over ten years. The cysts become calcified after a time and the larvae die. j* 
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If within this period the flesh is eaten by a carnivorous animal, the cyst is 
dissolved in its stomach and the larvae escape into the intestine, grow 


uterus 


eggs. 


ovary 


encysted larva in flesh 




microfilaria 


elephantiasis of 1 


KiO f 173. A-B. Trichinella spiralis. A. Ailults, B. Ln rvu • • -I / " '' ' 

muscle of the host. (Modified from Stgrtr.) C. »K«ic*ereri« 6a»cr^. tl..- Hlurui 
that causes elephant iasis in man. 
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and mature into the adult. In cases of heavy infestation, the muscle ^ 
degenerates and death follows by paralysis of respiratory muscles. 

4. FJLAR1A 

Bionomics.— The filaria worm. If uchereria boncrofti (formerly 
Filar ta sanguinis ), causes elephantiasis in man in tropical and subtropical 
countries, including India and Ceylon. The adult worms occur in lymph 
glands, for example in the varico-lymphocoele of the scrotum in males. 

The adults obstruct the lymphatic vessels and thus produce inflammation 
and excessive growth of the connective tissue resulting in elephantiasis. 

Life-history.— An intermediate host, usually the CuUx mosquito 
(also seme species of Anopheles,) is required for completion of the life-cycle 
of ]V uchereria. A female worm gives birih to nearly one thousand 
larvae called microfilariae The microfilariae remain in the deeper blood 
vessels durirg the day but crowd in the capillaries of the skin at night. 
When a mosquito sucks bicod ;»t night, the microfilariae pass into it. 

In about twenty-four hours they migrate from the gut of the mosquito 
to the muscles of the thorax. Here they remain “quiet’*, undergo 
change of form, '-row -.hotter nr.d stouter. Then the larvae grow larger 
and agpin bccom- active and niece into the proboscis of the mosquito. 

If now the bites v map, the larvae jump olf to the skin and 

burrow into : is t o i ; 1 hey e«ch ? bmbattc vessel ar.d grow to maturity. 

5. Cl*SfF'.A WORM 

Bionomics — Dracunculu* if l i.. us i* or *bc guinea-worm is one of 
the most loathsome nematode parasite th:;t man in Africa, Arabia, 

India, South Arri/ric and the West 1? dies. In India the most heavily 
info ted ar as a**: Via- war, Deccan, Mysore ar.d certain parts of the 
S i r> bi:'»ric< • «c fuinea-worm also attacks various domestic and 
wild animals ! >.* b:o- e, rx, sheep, dog, cat, jackal, wolf, chccta and leopard. 

The ui Jo is c. iremely rare. The adult female lives in the 
subcutaneous *.o r.cti' < < issue, especially of the leg. When mature, it 
pours out a toxic scc*;:ion, which causes a blister, about the size of 
a small coin on the *kir. hence the name) The blister bursts and forms 
an ulcer. Through a hole in this ulcer, the female protrudes and if the 
leg is dipped under water, discharges her embryos in a milky-white 
stream. The female worm often measures loco mm long. Winding the 
worm on a stick, a few turns every day, when it appears through the ulcer, 
is the usual method of removing the guinea-worm. If during this winding, 
the worm gets broken, severe poisoning results, leading often to death. 
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Lifo History — When the ulcerated pan of the leg of the host is exposed 
to water, the anterior end of the worm is protruded out. The uterus and 
the body wall rupture and the young larvae escape into the water. The larva 
has a blunt head and a loDg slender tail. It seeks water-fleas (Cyclops), 
which swallow it Once within the Cyclops, the larva migrates th.ough 
the wall of the alimentary canal into the body cavity. Here it moults twice and 
becomes mature in about a month. Human infection arises by accidental 
swallowing of the cyclops with drinking water from tanks and wells. 

6 P1NWORM 

A’"" robins tttuiicvlaris, the common pinworm of man, especially 
childcrn, is of cosmopolitan occurrence. The adults measure about 8 mm 
long and inhabit the small intestine, caecum, appendix and colon. The 
gravid females migrate down to the anus at night and cause intense itching. 

1 he worms burst and the eggs arc scattered on the fingers and clothing 
while scratching. If the eggs are swallowed re-infestation takes place. 

Other Nematodes 

Loa ,oa or ,hc *y*'*oim is about an inch or so long and lives 
*• '» lh c- muscles of the eye-lid, in the conjuctiva, anterior chamber of the eye 
and various other organs. The parasite also wanders about the body 
and is often seen beneath the skin It gives rise to creeping sensation 
and temporary swelling of the parts, redness, etc. The larvae develop 
in the salivary glands of the eye-fly, Siphonella. which is probably a vector. 

TrichiurU triehima or the whipworm is one of the common parasites of 
man, distributed nearly all over the world. The worms usually live 
in the caecum and occasionally in the vermiform appendix and colon or 
rarely in small intestine. 


Kksume 
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Annelida. The phylum Annelida includes the segmented worms. 
The body is elongate, bilaterally symmetrical and divided into a number of 
similar segments or metameres, each with paired coelom pouches, nerve 
ganglia and nephridia. The alimentary canal is complete and is surrounded 
by a distinct perivisceral coelom. The mouth is at the anterior end and the 
anus at the posterior. There is often a closed circulatory system. The 
nervous system consists of a pair of cerebral ganglia on a circumpharyngcal 
ring, which is connected ventrally to a double ventral nerve cord. The 
nerve cord- run the whole length of the body and are connected to 
paired ^mglia in each mctamcrc. Many have rod-like chitinous appendages 
that arc used as locomotor organ**. 

The annelid worms inhabit damp soil, fresh-water, sea or sea-shore. 
M.ny are free-living, but a few live in tubes; some arc parasitic. They 
differ Trrplv from d.c flat worms and the roundworms in i. the segmentation 
of '.he body, 2. possession of appendages, and 3 in having a distinct coelom 
• uund*. •*: »he nhincnian* canal, t he segmentation of the annelid worms 
differs f*< m the p»;>g!otrido cf the :aj worms in not arising as buds; the 
•cgn.cnts arc petitions of a single arimai. The annclida are of world-wide 
cdMnbutior. Nearly 7000 species of*: •■mented worms are known. 

Chars r .i*3jrs. The Annelida ?.«e r cognized by the following characters : 

1 . 1 j i ..I bilaterally symt.i iri*-.. - . ic*dk segmented. 

mrfii*'© of body covered t»y - <|nmii.ir • ]>i(h«li*im with gland and 

M il*! i;. I '•111*. 


•*. U' •!. *v i»i •• ••}. \ i h longitudinal and circular niu>cic fibres. 

4, .\p;».-i. •!...■ * • us setae, fleshy tentacles and parupodi i. 

5. Alimcnt'i •• . u. ! .Mtplclc. 

« Closed I I" • •• .r svm.*ii 1 of dorsal longitudin.il vessel with seginentn. 

branches. 

7. Blood plasm i wi.L ! •*inogl •!>.:*. in solution and colourless corpuscles. 

8. Excretory systc in < nephridia in euch segment. 

it. Nervous system with paired cerebral glanglia and double nerve corde-ventrad 
of tho alimentary canal with segmental ganglia and nerves. 

10. Sexes united or separate. 

11. Reproduction by building in some, sexual in others. 

12. Development direct or with trochophoro larva undergoing motumorphods. 
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Classification 

Phylum ANNELIDA 

Class 1. ARCHIANNELIDA. Marine- worms with internal segmentation. Example: 
Polygordiu*. 

Class 2. roLYcn af.ta. Marine worms with segmentation internal and external; 

segments uitn parapodia that hear many setae; sexes separate; 
head with tentacles. Examples : Serein, Aphrodite sea-mouse, Arcnicola 
lobworm. 

Class 3. 01 mo* hakta. Fresh-wat« r or soil-inhabiting cnrtl.wonis, with internal 
and external segmentation; no head or parapodia; few setue. Examples- 
Mc'/ascoler, Fheretiina, LuwbricuH. 

Class 4. HIRUDINKA. Leeches with suckers hut no tentacles. pnrap« din or setae; 

34 segments externally subdivided into numerous annuli. Kxumphs ; 
Hirudo, Hirudit'uri a. 

Class 5. a bphykea- Marine sand-worms without segmentation or parapodia; 

with retractile probos«ieor tentacles. Examples : liottelliv, £>ipitncultu>. 


LEECH 


Fio. 174. Phylum Annelida. Class Polyclmetn 
bristle worm Cluss Oligochucta : Earthworms. Class 
sucking ectoparasites. 


OLIGOCH AET A 

The Oliqochaeta are segmented worms that have no parapodia 
or well-marked head with tentacles. They are terrestrial ar.d fresh-water 
inhabitants. A collar-like glandular clitellum is present near the anterior 
end of the body for secreting a cocoon for eggs. The sexes are united; 
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development without metamorphosis. The setae are few. Nearly 3000 
species ofoligochaetc worms are known. They are classified as below: 

Class OUGOCIIAKTA 

Order 1. m i c i: o n r i i. i. Aquatic uoriiK with frw augments, commonly 
reproducing ufe’xuully. Examples: T>ihifc x t ClncUtyaiter. 

Onlt-r 2., iieiiadriu. TVrr*‘<tri il large worms; reproduction sexual, 
mptes ; -Mr$rrzi e n!c r, I'hcrct. ma, I.iinil-l : cn*. 

1 THE EARTHWORM 

Bionomics and systematic position.— The earthworm is common 
during the tains. Different species inhabit different habitats: some occur 
in rr.oisr garden soil, others in soil wetted by drains and so on. They 



daytime in tu.-ii I un ... . 
meet friends. TI;-\ 4 

end of the body reiii.u. 
threatens. 


. mirr-Hs in jliii , 


""". « n'7 uv 

• .1 the si.ri.ee m night to hunt for food un< 

Sorrow bit* ..M.-uves »n whjeli they feed, ot 
»»urr..u- and f. eihi :lea quick w ithdrawal if dungt 


mostly live in burrows in r; oi>t soil, rich in organic matter, but cannot liv 
in dry regions. Very often the earthworm burrows as deep as 6 ft bu 
mostly the burrows extend to a depth of two feet. The carthworr 
generally spends the daytime in its burrow but comes out on th 



ANNELIDA 285 

surface during the night. After a heavy rain the earthworms come out of 
their burrows to the surface in large numbers. This has given rise 
to the popular idea that they fall from the sky with the rain. Hence 
the earthworms are called R»genwurm or “ rain-worm ” in Germany. 

Most earthworms are small. A few are less than one millimetre. 
The giant earthworms like Rhinodrilus fafneri from South America 
and M egaacolides australis from Australia reach 10 ft in length and an 
inch in diameter. 

There are several species of earthworms in India. Of these 
M pgnscolex mauritii (formerly l.awpito mauritii ) and Pherdima posthuma 
arc generally selected as types for study. Their systematic position is as 
shown below: 

Phylum ANNELIDA 

Class OLiaOCIlAETA ^ 

Order megadrili 

Family M e g a s c o 1 t cidat r 
Subfamily Mcgascolccinac 
Genus 1. Megascohx 
Species mauritii. 

Genus 2. Pheretima 
Species posthuma. 

Mtyascolex mauritii is slightly larger than PherHima posthuma. 
It is very widely distributed in India, Ceylon, Malaya and elsewhere, 
Pheretima Is common in North India. 

External features. —The body of the earthworm is elongate and 
cylindrical. It is divided by transverse furrows into a number of segments 
or metamcres (also called somites ), one behind the other. There is 
no distinct head. The mouth is at the anterior end and is covered by the 
prostomium or a fleshy hood-like lobe of the peristomium or the first 
segment of the body. A slit-like anal opening is at the posterior end of tin- 
body. Counting from the front, the fourteenth, fifteenth and the sixteenth 
segments are swollen like a collar round the body; this is the cliteilum 
The clitellum is composed of glandular cells that secrete a cocoon . tin- 
eggs. 

A single female genital pore is found ventrally on the lb .itcoiih 
segment. A pair of male genital pores open ventrally on the wghtcenth 
segment. Paired copulatory papillae occur ventrally on the seventeenth 
and ninteenth segments. In the intersegmental grooves between fifth and 
and sixth, sixth and seventh, seventh and eighth, and eighth and ninth there 
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are four pairs of spermathecal pores • The dorsal pore of the coelom 
opens in the median dorsal line in the intersegmental grooves from the 
twelfth segment backwards to the last. Minute nephridiopores are 
scattered all over the body. Each segment bears fine rod-shaped setae (also 
called chaetae) which are the locomotor organs of the earthworm. Each 
seta is like an elongate S, blunt and swollen basally and pointed at the 
free end. 
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The body wall is compoWtf of an outer cuticle, an epidermis, connec- 
tive tissue, circuit and longitudinal muscles and the peritoneum. The 
cuticle is non-ccilular and finely striated. The epidermis comprises gland 

cells that secrete a slimy secretion, supporting cells and sensory cells. The 

** • 

circular muscles constitute a continuous sheath and the longitudinal muscles 
form parallel bundles the whole length of the worm. The peritoneum 
surrounds the coelom. The body cavity is divided by transverse septa 
to correspond with the external segmentation. 

•*< THgestive system —The mouth leads into the buccal cavity in segments 
one to three. A pear-shaped muscular pharynx lies in segments three 
and four. The roof of the pharynx is swollen as the pharyngeal bulb . 
The side wall of the pharynx projects into the pharyngeal cavity as the 
pharyngeal shelves. The oesophagus extends from the fourth segment 
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to the seventh. In the eighth segment lies a stout muscular gizzard. 
The gizzard masticates the food. Behind the gizzard is the stomach, 
which extends from the ninth to the fourteenth segment. The entrance 
and exit of the stomach is guided by sphincters. The wide thin-walled 
intestine runs from the fifteenth segment to the anus. In the twenty-sixth 
segment a pair of short intestinal caeca run forward from the intestine. 
Behind this region, the mid-dorsal wall of the intestine piojccts into its , 
cavity as the typhlosole, up to about twenty- five segments before the anus. ( 
Behind the typhlosolar region, the part of the intestine is called rectum. ^ 

Circulatory system. — Like the frog, the earthworm has a system of. 
closed blood vessels in which red blood flows. There arc however no red 
blood corpuscles ; the haemoglobin is dissolved in the plasma itself. 

The circulatory system comprises 1. five longitudinal trunks with 
their commissures and branches, and 2. four lateral hearts. The five 
longitudinal trunks arc (•) dorsal vessel. (it) ventral vessel, (n't) supra- 
oesophageal vessel, (if) lateral oesophageal vessel, and (v) subneural vessel. 

The dorsal vessel is the largest blood vessel and runs the whole 
length of the body above the alimentary canal in the median dorsal line It 
exhibits peristaltic contractions from behind forward. In each segment 
behind the fifteenth («. e. in the intestinal region) two pairs of dorsal 
intestinal vessels from ihc intestine open into it. A pair of com. 
missural vessels from the subneural vessels open into it in the posterior 
part of each segment behind the fifteenth. In each segment, the dorsal 
vessel has a pair of valves that permit the flow of blood forward. In 
segments anterior to the intestine the dorsal vessel does not receive the 
dorsal intestinal and the commissural vessels. Near the anterior end, the 
dorsal vessel divides into three branches supplying pharynx and buccal 


cavity. s 

The ventral vessel cktends from the second segment to the posterior 
end of the body. The veotral vessel does not have valves and the flow of 
blood is from front backwaWi. In each segment it gives off a pair ol 
ventro. tegument ary vessels to the body wall, septa and nephridia and 
a median ventro-intestinal vessel to the intestine. 

The lateral oesophageal vessels are paired vessels running one 
on either side of the oesophagus. They arc formed by the n don ol the 
branches from the body wall, septum, seminal vesic l^pcp hridM, etc. In 
the fourteenth segment the lateral oesophageals of 

ward to meet and fuse in the mid ventral line into thc^HKu* oc..:?l. 
This vessel runs ventrad of the nerve cord to the postewLcji^ °‘ 1,10 ' 





r,< : . 17 •. Ouigr.tm « « ■ ir.-i.lntivn **f I>1 «hm 1 in I hrrciiwa potlhinva. 


In each segment ii receives a pair of branches from ihc integument and is 
connected with the dorsal vessel by the commissural vessels. The blood 
iUi from the front backward. 
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Fia 180. Transverse sect ion of Pherciima poslhuma through the pharyngeal region 
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The supra.oesophageal vessel lies bewteen the dorsal vessel and 
the? esophagus and is thus confined to segments nine to thirteen. The 
supra-oesophageal is connected as below: A pair of hearts connect it to the 
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lateral oesophageal in the tenth and eleventh segments. A larger pair of 
hearts connect it to the lateral oesophageal and to the dorsal vessel** in the 
twelfth and thirteenth segments. 
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In the seventh, ninth, twelfth and thirteenth segments a pair of 
lateral hearts connect the dorsal and ventral vessels. Each hear 
pulsates from above downward and thus drives the blood from the dorsal 
into the ventral vessel. The lateral hearts of the twelfth and thirteenth 
segments communicate above with the supra-oesophageal vessel also. In the 

dorsal vessel 


intestinal lumen 


v Ku:. IS2. Trtnsvirsi lion of 1‘licrelinia porl/unna through the intcRtinnl 
region. 


tench and eleventh segments .» pair of anterior loops connect the lateral- 
oesophageal and the uria oesophageal vessels. The blood flows through 
these anterior loops or lateral oesophageal hearts from the lateral 
oesophageal vessel to the supra-oesophageal vessel. The course of 
circulation of blood is represented diagrammatically in Fig. 179.V 

Excretory system.— The excretory organs of the earthworm are the 
nephridia. A typical nephridium is a coiled tube that occupies parts of 
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It excavates its burrows by the pushing away of the soil on sides in 
loose type of soil, but in compact soil, they have actually to swallow 
a lot of it and throw on the ground above. # 

Natural Enemies. The earthworm has numerous natural* enemies. 
Birds, frogs and other small animals cat large numbers of earthworms. 
It is also parasitised by the larvae of certain insects. The Sporozoa 
Mononjstis and Nematocuslis are common parasites of earthworms. Certain 
Nematodes also attack thcm>^acteria take a heavy toll of the earthworms. 

Relation to man.— The earthworms arc of great economic importance 
to man. They arc useful to us both directly and indirectly. All over 
the world they are used as baits for fish. In China and Japan the 
earthworms are to this day eaten or are used in various fancy medicines. 

By opening up the ground and facilitating the aeration of 
the soil, the earthworms actually plough the earth for the farmer. 

1 hey increase the fertility of soil by burying leaves and thus helping 
the formation of humpi. When they burrow, they add nitrogenous 
excretory products that form important plant food. The grinding of 
the soil in the gizzard constitutes another kind of "cultivation”. It has 
been estimated that the earthworms annually turn up nearly eighteen 
tons of soil per acre of field. In thus spreading out the mud, they 
cover seeds of plants and facilitate their germination. 

The earthworms act as intermediate hosts for parasites of domestic 
animals. For example the tapeworm of chicken, the lung nematode of 
pigs, etc., arc transmitted by them. 


HIRUDINEA 


The Hirudinea comprise the leeches with thirty-four body segments, 
that are superficially constricted into a number of annuli. Oral and 
posterior suckers and a clitellum arc present but parapodia and setae 
are absent. The class resembles the Oligochaeta in the possession of 
clitellum, hermaphreditism, in producing egg cocoons and in the absence of 
tentacles and parapodia but differs in lacking setae. 

The class is subdivided as below : 

Class HIRUDINEA 


Order 1. 


Order 2. 


Order 3. 


acanthobdellxda. Without proboscis. jows or nnteri 
coelom segmented ; setao present on segments II. IV I 
hah. Example : Acanlhobdella from Siberia . 

RHYNCHOBDELMDA. Protrusiblo proboscis present ; will. 

»r ker; J “" : 

i.NATHonni-iMDA. Three chitinous jaws mid anterior .md posterior 
suekors present but no proboscis. Examples : //,>«»/«. U i.'ul'r.uria 


i* stoker: 
rush ie or 1 

r without 
/’ iscicola , 
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2. LEECH 


Bionomics and sys.ema.ic position - Leeches are mostly tropical 
animals that inhabit fresh-water. Some live in the sea and a few are 
terrestrial and live in the moist places. They are mostly nocturnal creatures 
that live by scavenging, predating or parasitizing. Some leeches devou 
dead animals and some hunt for small worms, molluscs and insect larva • 
The majority arc blood-sucking parasites on vanous ammals hke hsnes, 
reptiles and mammals. A leech sucks enormous quantities of blood and 
stores it in the large caeca of the gut, to be digested slowly. A single 

feeding is enough for four or five months. 

Leeches are very widely distributed and have been known from very 
early times. They are mentioned in Chinese literature. The Egyptians, 
Arabs and Persians were familiar with them. Various kinds of leeches are 
described and instructions for blood-letting are given in ayurvedic treatises. 
Lecchc have been used from time immemorial for phlebotomy or 
drawing blood from inflamed parts but their use has now fallen off. Several 
specie i of blood-sr.cking leeches arc known. Ilirudo mcdicinalis is the best 
known in Europe and America and flintdinu-ia granulosa is the most 
common sp.wics in India. 

Phylum A:\2SEI.1DA 

CUss mar Di sea 


Order uNA'ihoihm.Lica (formerly Ari ynchobdellida) 

Family IJ ir u d i d a c 

Subfamily I. Hacmadipsinac 
Genus Hirudinaria 

Sne cics granulosa ( Indian leech). 

Subfamily 2 . Hirudinac 
4 Genus Ilirudo 

Species medicinalis (European leech). 

Structure. - l i'.c body of the leech is elongated, depressed, darker above 
and marked in a clvaiucteristic pattern. It is moist and slimy. There arc thirty- 
four segments and ca.h segment is superficially constricted by transverse 
furrows into a number oi annuli. The prostomium and the first few 
segments are modified into an anterior sucker, with the mouth in its centre. 
A larger circular posterior >ucker composed of seven segments forms a 
powerful organ for attachment and locomotion. The anus opens dorsally at 
the base of the posterior sucker. Seventeen pairs of minute nephridiopores 
open veniraliy from the VI to XXII segments. The genital apertures are 
median ventral openings— the female opening one segment behind the male. 
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two successive segments. Ic consists of a pre- septal ciliated nephridial 
funnel or nephrostome in one segment, continued behind by a short neck 
that elongates into the coiled body of the nephridium in the segment behind. 
Nephridia are absent in the first and second segments. 

The nephridia of Pherelima differ from this type and are of three 
kinds : x. integumentary, 2. pharyngeal, and 3. septal. 

The integumentary nephridia are the smallest and occur in the 
body wall. There ate about two hundred of these in each segment. They 
open to the exterior by minute nephridiopores on the surface of the 
body. 
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Flo *. 183. Sei»t»l nephridium of Pherelima poeihuma. Boil, the ncj.l.ro-l o,n< and 
the coiled tubes lie on the same side of the s-ptum in tins species. 

The pharyngeal nephridia are paired tufts of a number of nop t d> > 
in the fourth, fifth and sixth segments on either side of the alimentary tal. 
The ends of the tubes of the nephridia unite into three pairs of long luets. 
The ducts tun forward on either side of the nerve cord to open into 
the gut. Both the pharyngeal and integumentary nephridia lack the 

nephrostome. 
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The septal nephridia (Fig. 183) are the largest and occur in four rows on > 
the septa in each segment from the sixteenth backward. Two rows lie on the 
anterior side and two rows on the posterior side of each septum. Each 
consists of the nephrostome, a short neck and a coiled body. The body 
comprises a first straight tube followed by a looped part that ends 
in the terminal nephridial duct. The terminal ducts open into a pair 
of septal excretory canals that end in a pair of supra-intestinal ducts . 
These ducts extend from the fifteenth segment to the posterior end of the body. 
In each segment the ducts send out a tube opening into the intestine. 

The nephridia remove the wastes from the blood and from the coclomic 
fluid. The pharyngeal and septal nephridia discharge into the gut, where 
the water is re-absorbed and the wastes pj?s out with the faeces. 
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> 'tom of H/iciefbna /toaihunia in dorsal view. 


Nervous system.- The nervous system of the earthworm lies for 
the most part vcntrally to the alimentary canal. It comprises a nerve 
cord extending from the fourth to the anal segment and connected anteriorly 
to the brain. 


supra pharyngeal ganglia 
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F '°- ,SS - Nerv0ue of l*Mhm poalhwna in lateral view. m 
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The brain is composed of a pair of s uprapharyngeal 

■” - “ zzzttrzz 

circumpharyngeal connectives, Th 

downward and backward to the paired subpharyngeal gang/ a. 
subpharyngeal ganglia are located paitly in the th.rd and partly m 
fourth segments below the pharynx. The «wo subpharyngeal gangha are 
fu;cd together into a single bilobed mass, whence the pa.red ( f “^ d together) 
ventral nerve cords run backward on the floor of tire coelom and below the 
alimentary canal. In each segment the nave cord is swollen into a pair ot 
ganglia, which give eff three pairs of nerves to the segment. 

The epidermis contains many sense organs, each composed ot 
sensory cells. The sensory cell has a hair-like tip ending on the cuticle 
above. It is connected below to a sensory nerve fibre. The photorecep- 
tor cells that arc sensitive to light occur in large numbers on the prostomium . 
and some of the anterior segments. Each photoreceptor cell includes a 
“lens” to focus the light and a ‘-retina** of nerve fibrils. The earth- 
worm also possesses tactile, taste and olfactory sensory cells. 

U "Reproductive system.— The caithv.orm is monoecious : both male 
and female org ri..> occur in the some IndiviJuid. A pair of testes is enclosed in 
the tesros sacs enc on (.UhcT side be?;c;.ib the alimentary canal in the tenth 
•and eleventh segment. Behind c. .i. ustes there is a ciliated sperm 
funnel connected ;o a i>r,s deferens. The vasa deferentia are slender 
tubes extending ftom the twelfth to the eighteenth segments. Here they 
Join tin* ducts of the prostate glands to form a common duct. The 
prostates arc Yircc paired white irregular organs in the sixteenth and twenty- 
iir.t segments. The testes sacs communicate with the seminal vesicles 
behind in the clc- cn:'n and twelfth segments. 

oductive organs include a pair of ovaries on the 
^•tcenth segment, one on cither side of the 

• v iducts, with expanded funnel-shaped opening 
r.c cavity of the oviduct is lined by cilia that help 

• ducts open to the outside by a common female 

*w..n™ ^ - - fourteenth segment. Four pairs of seminal 

receptacles are locked, ir ihc sixth, seventh, eighth and ninth segments. 
Each receptacle includes an ampulla and a duct. The sperms received in 
copulation are stored in the receptacles until needed for fertilization.^ 

Locomotion.— The earthworm extends the anterior part of its body. 
The setae are now used in securing a firm hold of the rough surface 
of the ground. The setae of the hinder part of the body are retracted. 
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The posterior region of the body is then drawn forward, while the antcrio^ 
part contracts. The posterior region is then fixed, the anterior region 
extends forward and the whole process is repeated. 

Nutritioa and respiration.— The food of the earthworm consists of 
bits of leaves, small animals, seeds, eggs or larvae of animals and various 
decaying organic matter that may be found in the soil. The earthworm 
spends most of its time eating earth underground. All the organic matter 
present in the soil is digested, while the pure soil is ejected as the familar 
“worm castings’* on the surface. In rainy season, the earthworm comes 
out on the surface at night and drags small bits of leaves (Fig. 175) down 
into its burrow to be swallowed in safety. In captivity, it will feed on bits 
of meat, fat or even dead earthworms. The food that is swallowed is 
ground up in the muscular gizzard with the help of the sand grains present 
in it The stomach and the intestine secrete enzymes like pepsin, trypsin, 
lipase, cellulasc and amylase. Calcifcrous glands secrete calcium carbonate 
that neutralises the acidity of any organic matter in order to render the 
enzymes active. 

Regeneration and grafting.— The earthworm has limited powers of 
regeneration. It can regenerate up to four segments at the anterior end. 

'• he head rcg»on -.an he regenerated only if the first ten to fifteen segments 
have been damaged but not more. The anal segment is regenerated if the 
•'ostcrior segments are lost. Experimentally, earthworms have been grafted 
together aho. The tail ends of two earthworms grafted together for 
example give tisc to n worm with two tail ends. 

production o'.! development. The earthworm reproduces mostly 
Juiin the w«rm 1 dry season. They mate at night. Two earthworms 
from . Jj.:*;eiv >ur-nv. # s tf retch the anterior ends of their bodies out of their 
burrow*. They ay. ><•;.. sh-r ventral surfaces, heads pointing in opposite 
direct in such n v a\ dm the clitdlum of each worm is opposite the 
spernuuh.’. i pn:e . cf the uher. After mating, the worms separate. The 
eggs are laid r\ cocoo-* ei ctcd by the cells of the clitcllum. The cocoon 
slides forward sivj reecho a number of eggs from female genital pore. 
With these egg %h\* cocoon still slides forward over the ninth, eighth, 
seventh and sixth sc :..cnt', where the sperms from the spcrmathecaarc shed 
on the eggs through ir e permathecal pore. 

The eggs of the ea ; ihworm contain a small quantity of yolk and the 
cleavage is holoblastic but unequal, so that micromeres and macromcrcs 
result. A hollow blastula is formed. The macromeres of the blastula 
become invaginated, so that the blastocoelc disappears and the archcnteron 
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appears. Two large mesoblastic pole cells on the equator of the 
embryo now divide and form the mesoderm. The mesoderm cells become 
a number of solid blocks of cells or mesoblastic bands. Soon the bands 
split and *cavities develop inside. These cavities are the coelom cavities. 
The cuter mesodermal layer forms the somatopleure and the lower forms 
the splanchnopleurc. New mesoblastic bands or somites form one behind 
the other. A stomodaeum forms the mouth. The anus is formed very 
late in the embryo The albuminous material within the yolk is taken into 
the archentron, where it is digested and absorbed. The young worm 
hatches in about a month after the eggs have been deposited. 

Behaviour.- -Being a subterranean animal, the earthworm loves 
contact, moisture and darkness. It avoids all but the dimmest light and 
remains concealed within its burrow the whole day long The entrance to 
the bdirow is plugged with bits of leaves or loose soil and at nightfall 
the lid is pushed aside and the earthworm sallies forth to hunt for 
food and meet friends. It quickly withdraws into its burrow if a 
torch is flashed on. 


TJ •* earthworm is most sensitive to vibrations of the ground : they do 
not lo.'cvw hear. The vibration set up by the patter of rain drops 
on the ground is readily felt by them even when they arc in their burrows. 
The caul* worm responds to pungent odours. 

1; has been recently shown that earthworms possess memory and 
can learn by experience. If the worms ate forced into the end of a 
Y-shnpud tube whence they could escape cither by the right or left arm, and 
at one of which they receive an electric shock, they learn to avoid 
!hai arm after about three hundred trials. 

Tnc caribworju is also said to have its own “taste” for particular 
k-iK’r. turd. I 7 * : example, it prefers leaves of celery to cabbage and carrot 
to celc? v. 


Adaptation. I.r a subterranean life. —The earthworm is adapted 
for a suburumc-n mc< : of life. An animal that lives underground, must 
have its h dy stiv d l0 be able to move about among the soil 
particles, m l > **.o projecting appendages that may interfere with 
burrowing undergreu The setae arc used to anchor the body firmly in 
the burrow. Living .or.plctc darkness underground, the earthworm has 
no eyes. The photoreceptor cells are most concentrated in the anterior 
region of the body, \vl ich alone is likely to be exposed to light. For a 
fossorial animal, the sense of touch is most important. The habit of 
swallowing the soil is one of the adaptations for subterranean life. 
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which is in the X segment. 


The clitellum, a temporary structure developed 


only during the breeding season, extends over segments IX, X and XI. 

The body wall includes I. a cuticle, 2. an epidermis with slime glands, 
sensory cells, etc., 3. circular muscles, 4. oblique muscles and 5. longi- ^ 
tudinal muscles. The alimentary canal includes 1. a pre-oral chamber 
formed by the oral sucker, 2. a triradiate mouth with three jaws, 3. a buccal 
cavity into which the salivary glands open, 4. short narrow oesophagus, 
followed by 5. a large crop that extends from IX to XVIII segments. The 
crop is composed of ten metameric chambers one behind the other, each 
having lateral caeca. The crop opens behind into a short stomach in the XIX 
segment. The stomach continues behind as the intestine, which opens into 
the rectum. 

The coelom is largely filled up by parenchyma and botryoidal tissue 
and is reduced to the so-called haemocoelomic system of channels. The 
hacmococlomic channels constitute the Circulatory system of the leech. 
There are four longitudinal channels, one dorsal, one ventral and two 
lateral, with their branches. The coclmic fluid that contains haemoglobin 
and leucocytes, circulates through these channels. J 

The dorsal hacmococlomic channel lies dorsal of the alimentary 
canal and runs zig-zag the whole length of body. In each segment the 
dorsal channel gives off two pairs of dorso- lateral and dorso-intcstinal ' 
branches. It bifurcates in the XXI segment ; the forks pass down into 
the enlarged hind end of the ventral channel. The direction of flow in the 
dorsal channel is from behind forward. The ventral channel lies below the 
alimentary canal and also extends the whole length of the body. It encloses 
the nerve cord, brain and subpharyngeal ganglia. Two pairs of branches 
arise from it in each segment. The lateral channels run one on cither side 
of the alimentary canal. They have muscular walls and have valves inside. 
They thus resemble blood vessels. In each segment they receive two 
branches and give off one branch. The lateral channels show peristaltic 
contractions from behind forward. Posteriorly the lateral channels open 
into the enlargement of the ventral channel. Anteriorly they break up into 
capillaries. 


The general surface of the body constitutes the respiratory organ. 

The excretory system comprises seventeen metameric pairs of 
nephridia in segments VI to XXII. The nephridia open to the exterior , 
by the nephridiopores. 

1 he nervous system resembles that of the earthworm and consists 
ol paired cerebral ganglia, circumphaiyngcal connectives, subpharyngea^ 
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ia and segmental ganglia connected by the ventral nerve cord, 
sense organs include the semicircular eyes on the dorsal surface 
ie oral sucker and the segmental receptors on minute papillae on 

segment. 

The leech is monoecious. Eleven pairs of testes sacs are found 
segments XII to XXII. The vas efferens from each sac runs to the 
deferens. The latter is a pair of slender longitudinal ducts extend- 
forward to the XI segment. In this segment they enlarge into a 
avoluted seminal vesicle. An ejaculatory duct from each vesicle joins 
: atrium in IX and X segments. The atrium includes a penis. A 
ir of ovisacs in the XI segment encloses the ovaries. The oviducts 
lite within the albumin glands to from a vagina. 

Locomotion. — I.ecches swim under the water by snake-like undulating 
lovements of the body. On a solid substratum they move by arching 
nd looping the body, using the suckers for attachment. 

Nutrition.— The leech pierces the skin of its victim by its serrated 
,aws. The cup-shaped pre-oral cavity of the anterior sucker, the buccal 
cavity and the pharynx are used in sucking up the blood that is 
prevented from coagulating by hirudin present in the saliva of leech. 

Relation to man.— Leeches constitute the food of certain fishes, 
ducks, snipes and other birds, which in turn form food of man. Leeches 
often destroy insect larvae, worms, other leeches, molluscs, etc. and 
might affect man indirectly. They arc the worst enemies of buffaloes, 
cattle, horse and man in paddy fields and in drinking ponds. They also act 
as vectors for pathogenic organisms. The common Indian paddy field 
leech Hirudinaria nanillensis is believed to play the role of vector of 
the rinderpest disease. In the days past leeches were extensively used 
in surgery for blood-letting, under the mistaken belief that many diseases 
may be cured by removing “bad blood”. They are thus employed even 
to this day by ayurvedic physicians. Hirudin extracted from the leeches was 
used a few years ago as haemolytic agent in aUopathic hospitals. 

ARCHI ANNELIDA 
3. POLY GORDIUS 

Bionomics and structur e.-Polygordius is a marine worm that is 
common in the sand at moderate depths in the Mediterranean sea. Its body 
is thread-like and measures 3-4 cm. long. The segmentation of the 
body is indistinct externaUy. The prostomium at the anterior cn 
bears a pair of tentacles. The mouth opens in the first segmen 
directly behind the prostomium. The anus opens in an oval depression at 



INTRODUCTION TO ZOOLOGY 


306 

the posterior end. Pits lined by cilia on each side of the prostomium^ 
function as sense organs. Parapodia or chaetae are absent. 

The interml organization is simpler than in the earthworm. The 
alimentary canal is a straight tu ic that extends from the mouth to the anus. 
The coelom is metamerically divided by septa . The internal metamerism 
corresponds to the external segmentation. Unlike in the earthworm, the 
coelom is divided in each segment into a right and a left half by partitions, 
viz. the dorsal and ventral mesenteries . Except the first and the 
last, each segment contains a complete set of all the organs: alimentary canal, 
ventral nerve cord, somatic longitudinal muscles, paired nephridia and 
gonads. The nervous system consists of a ventral nerve cord connected 
by connectives to a median ganglion dorsally in the prostomium. 
The body segmentation is thus homonomous- The sexes arc separate. 
The gonads do not have any ducts. The sperms and ova escape by rupture 
of the body wall. Fertilization takes place in water. A free-swimming 
trochosphere (Trochophore) larva (.Fig. 189) develops from the egg. 



apical tuft 
apical plate 


muscle fibres 


oesophagus 


ip-posi oral 
' band 
stomach 


postoral band 

piotonephridia 


intestine 


anus 


J 


Yt 

larva * 

ll.Tilllll . 


• !.t | •liort- larva of Pclygoidivs lo frlicw its essential structure. This 
.1 U'cnuftc it is now believed that Annelida, Molluson, Ecliino* 
. t:t have don-ended frtm a trochophore-like ancestor. {Redrawn 
. .% Uhrbneh drr Zoolog r , Jei a, Gu*lar Fttchcr : a/ter Halscheck). 


• he irccho>plierc is shaped like a spinning-top and has a double band of 
.. ilia round its equator. The mouth opens between these ciliated bands 
on one side. A short oesophagus leads into .1 large stomach that is 
i 'lowed by a short intestine ending in the anus on the lower pole. 

1 he space between the body wall and the gut, containing a few stellate ' 
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* cells and muscular fibres , is the persistant blastocoele. On the 
upper pole a thickened apical plate functions as the larval sense organ 
and later develops into the prostomial ganglion of the adult. A pair 
of delicate tubes with flame cells constitute the protonephridia on the 
side of the stomach. Posteriorly on each side of the intestine is the 
mesoblast cell. The lower pole begins to elongate and the mesoblast 
cells extend back into this elongation. Soon this elongated part becomes 
segmented and the larva gradually grows into the adult. Polygordius is not 
primitive but a simplified worm. 



Fio. 190. r olygotdiur, a simplified marine worm, long believed to bo a prunit i\ «• 
typo and hence placed in Arehiunnclida. A. Trochophore larva. B. Your - worm 
developing from tho trochophore. C. Adult worm. (A A- IS adopted front //..-• I<<1 ). 

COMPARISON BETWEEN POLYGORDIUS AND EARTHWORM 



POLYGORDIUS 

EARTHWORM 

I . 

Marine 

Terrestrial or aquatic 

2. 

External segmentation indistinct 

External segmentation distinct 

3- 

No chaetae 

Chaetae present 

4- 

Tentacles present 

No tentacles 
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5. Cerebral ganglion simple in the 
prostomium 

6. Right and left coeloms separate 
in each segment 

7. Body wall with only longitudinal 
muscles 

8. Gonads in every segment except 
the first and the last 

9. Gonadal ducts absent 

10. Trochospherc larva 


Cerebral ganglion in the third 

- » 

body segment 

Right and left coeloms fused in 
each segment 

Body wall with both longitucfinal 
and circular muscles 

. -• ■ 

Gonads not in every segment 

Gonadal ducts present 
No trochosphere larva 


POLYCHAETA 
4 . NEREIS 

Nereis occurs on the sea coast near the lowtide mark. It spends the 
daytime hiding under stones or in burrows in sand, with only the head 
projecting above the surface. It crawls out and swims in search of food 
at night. 

The body of Nereis is slender, elongate and greenish. It is composed 
of numerous somites or segments as in the earthworm. A distinct 
head includes the prostomium and peristomium. Two short 
prostomial tentacles and paired short palpi laterally on the head 
distinguish the nereis from the earthworm. There are also two pairs 
of eyes on the head. The peristomium also bears four pairs of peris- 
tonial tentacles. The tentacles serve as tactile and olfactory sense orgaus. 
The last segment of the body bears the anus and the paired anal cirri. 

Each segment of the body bears laterally a flat parapodium. The 
parapodium is the organ of locomotion and is effectively used both 
in creeping on sand and in swimming. It consists of a dorsal lobe, 
the notopodium, and a ventral lobe, the neuropodium. The dorsal 
and ventral lobes each bear a cirrus and a bundle of setae . The two 
needle-like chitinous aciculi of the parapodia serve as supports for the 
latter and also help in locomotion. 

The body wall comprises a cuticle, an epidermis and circular and 
longitudinal muscles. The parapodia are moved by muscles arising in 
each segment. The coelomic cavity is divided by intersegmental septa 
as in the earthworm. The cavity of each segment is also subdivided into a 
right and a left half by median dorsal and ventral mesenteries. 

The alimentary canal is a straight tube and includes an evertible 
pharynx with paired horny jaws, a short oesophagus into which open 
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a pair of digestive glands, and the stomach-intestine extending to the anus. 
The circulatory system includes a dorsal longitudinal vessel that 
exhibits peristaltic contractions and a ventral longitudinal vessel 
with transverse branches in each segment. The plasma contains haemo- 
globin in solution and colourless corpuscles. The integument and the 
parapodia serve as the respiratory organs. Paired nephridia are the 
organs of excretion. The nervous system includes a pair of cerebral 
ganglia and median ventral nerve cord with paired ganglia and 
nerves in each segment. 



intestine 


dorsal cirrus 


-nofopodtum 

dciculum 


neuropodium 


veniral vessel 


nerve 
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nfral cirrus 


l'io- I'JI. Sere*. Diagrammatic 1 ran* verve section of n typical hoc men t 
Hlnr.l Vessel* arc shown on tho right. (Hedraun from Hi, hard Hcrlu nj, l.ehrbiu h dci 
y.ooloijie, Jei a, Ctwtav Huhtr). 

The sexes arc separate, but the gonads arc not permanent. Ova and 
sperms appear only during the breeding season. They arc passed out 
through the nephridia and fertilization takes place in the sea water. A 
trochophore larva that develops from the zygote gradually transforms into 
the adult. 


RESl'ME 

I. Annelida 

1. Tho Annelida are segmented worms, that differ from the Kcnint !• in the 
inotnmory of tho body and in the possession of a distinct coelom and ol np| • n.lagos. 

2. They aro subdivided into Archionnelida. Polychaeta. (ihgochoctn, 
Hirudinea and Gepbyrca. 

II. The Earthworm 

3. Tho earth worms aro mostly subterranean OligochoeUs that inhabit a 
vuriety of soils. 

McyascoUx*'* 3 C0n,ra0 ° pftrt,,wor,n8 Indi* hdonj* to the genoru Phcr.iimu and 
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5. A mass of glandular cells constitute the clitcllum around segments 14, 16 
and 16. 

G The alimentary canal comprises a conspicuous pharynx, oesophagus, a 
powerful masticatory gizzard and a straight intestine. 

7. The earthworm has a closed circulatory system with red blood that lacks 
tho erythrocytes. 

8. In ihc dorsal vessel the blood runs from behind forward and in tho ventral 
vessel from the front backward. Lateral henrts connect them in the 7, 9, 12, and Id 
segments. 

8. Tho excretory system comprises the ncpliridia, which arc coiled tubes with 
a funnel-shaped opening into the coelom. 

9 Tho nervous system comprises paired supra -pharyngeal ganglia, connected 
by circumphoiyngeal commissures to the subphaiyngenl ganglia, that givo off tho 
ventral nerve cord behind. 

10. The earthworm is monoecious. Tho testes lio in the 10 and 11 segments and 
the ovaries in the 13 segment. 

11. The earthworm freds «n bits of leaves, srnoll animals, seeds and other 
organic particles occutring in the soil. 

111. Leech 

12. Leeches live in fresh- water nud suck the blood of vurious animal-. 

13. Their body consists of 34 segments that are superficially onnulatod. 
Anterior and posterior smkers belp in locomotion and in sticking to their prey. 

14. The uliincntary canal includes a largo crop behind tho oesophagus. 
The crop is computed of a sories of chambers with luteral caeca. 

15. Leeches were formerly employed in phlobotomy. 


CHAPTER XII 

MOLLUSCA 


Mollusca. The MOLLUSCA arc soft-fcodied unsegmented animals, 
typically with an anterior head, a ventral foot and a dorsal visceral mass. 
The body is surrounded by a more or less fleshy mantle and is commonly 
sheltered in a calcareous shell. They include chitons, tooth shells, clams, 
oysters, snails, slugs, cowries, squids, nautili, octopuses, etc. After the 
Arthropoda, the Mollusca are the most abundant animals. They are 
mostly marine but some inhabit fresh-waters and a few are terrestrial. 
Several of them arc of great economic importance. . 

Characters.*-*" 

1. Triplobl attic, unsigmontcd. bilaterally symmetrical (tho viscera coiled in 
some) or any mmetricnl. 

2. Epithelium single-layered, mostly ciliated and with mucous glands. 

3. Body onclosed in a thin dorsal m intlo that sccrotcs a calcareous shell 
of one, two or eight piocc*. Shell intornul or roduccd in somo. 

I. Excopt in some, tho hoad distinct. 

!i. Ventral muscular foot for crooping. burrowing or swimming. 

n. Alimentary canal complete, often U-shaped ; mouth with radula bearing 
tr.ins Verso rows of chitinous 101 th. 

*. '• Hcurt dorsal, with one or two auricles and ono ventricle, in noricardial 

cavity. 1 



Fig. 102. Diagram of tho molluscan body plan— shell mantle, foot— and its 
modifications in A Amphmoura, B. Pelecypoda. C. & E. Gastropoda. I>. Sonphopodu. 
I*’. Cephalopoda. Shell black, foot dotted, gut striped. 
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8. Respiration by gills, lungs, mantle or epidermis. . ^ 

9. Excretion by kidneys. 

10. Three pairs of nerve ganglia joined by longitudinal cords and cross connec. 
lives and nerves. 

1 1. Sexes generally separate. 
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1 ,,c ’ ollusca have diverse forms : The 

/.'lipmneura nave ’i: ic, u;,h the '.v-ly partly covered above by eight 
' 'Ppmg calcareoi!.. pi.... (big The Scaphooods arc enclosed in 

an elongate tubul ^-i 0 ,xn a, : o*I, . ds. The Pclecypods are laterally 

TV 3nd ,rc ‘ • ' --d within a pair of hinged shells. 
1 • - i.i iiopo s i«a\< Ji.aim. fnoi and head, and the viscera is usually 
enclosed m a spiral shell, coiled either :o the right or to the left. In the 
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The Mollusc, resemble the marine Annelids in the type of cleavage of 

• he abfelVof bod he ,r0Ch ° Ph0re ’ 3rVa - Thc >’ diffcr 'he Annelida in 
°e of body segmentation, reduction of coelom and of the ganglia 
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Class 2. sc ap no po da. Shell and mantle tubular, open at both ends. Foot ; 
conical. No gills. Marine. Kxumple : Den tali um tooth or tusk 
shell. 

Class 3. pelecypoda ( = Lamellibranchi.it a). Shell of two lateral valves, 
hinged together dorsal ly. Margins of the mantle form the siphons. 
No head, jaw* or radulo. Foot often hatchet -shaped. Gills usually 
plate-like. Examples : L'nio fresh- wutcr mussol. Teredo shipwonn, 
Ostica oyster. 

Class. 4. gastropoda. Visceral moss itt a spirally coiled shell. Head distinct, 
with or.e or two poirs of tentacles. Foot large, flat. Examples: 
Halioli *, Stroihbv* giant conch shell, Cypraea cowries, f.'c.Tx, Pilo 
snoi’s. 

Class o. CSPHAJ.OPODA. Shell oxttrn.il, internul or none. Head largo with 
complex eyes, horny jaw* and raduln, S or 10 arms. Brain in a 
cartilage-like covering. Examples ; .Y antilux, Loligo squid, Sepia 
cuttlefish, Octopus. 

Relation to man — The Mollusca arc of great economic importance. 
From time immemorial man has used scallops, clams, mussels, oysters, 
snails and other “shellfish” as food. The shells of Mollusca have served 
as ornaments and as money. “ Pearl ” buttons arc manufactured (Fig. 195) 



. 1 ' ■ ' ' • "• ••••!« ».«■' arc mniiiifnct tired frrm 'he shells of fresh water 

elams. • .-• «• ‘ . .« i r- n, I he sIh-IIs, me polish. <1 and bored w it h holes for the 

thread i^iu-'s. ! • .. : • . \ -.! i-, ”ods mid grddcfftrc and other works of art are 

made from Vu*i « • • : « • » •• **»•• it. S..i,tl, India. On'i/iual pli’itcyraph of a shoie 

>0 e in the : ., v A'/ia). 


from the she! s r ine and fresh-water clams (L'nio). Pearls are 
obtained from Moll. j v. . The mantle secretes thin layers of nacre around 

some foreign lriu-.d-ng i.br». - c like sand grain, larvae of nematodes or 
i::m 3 todcs. 1 he .ridcsccnce of the pearl is due to the refraction of light 
t. *m the concentric layers of calcium carbonate near the surface. The 
oldest pearl fisheries of .he world arc in South India and Ceylon. Pearls 
are also cultured in japan. The large conch shells are converted into 
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musical instruments. Some shells are also used in medicine. Sepia is 

a well known pigment that is obtained from the ink of the ccphalopod 

Sc "' a 7 he thm flat shdls P“>cuna placenta are cu, into squares and 
used as decorative window glass. 


Some of the Mollusca are harmful to man. The oyster-drill snail 
attacks oysters and mussels by boring circular holes in their shells 
It then rasps off the soft parts of its victim by means of the radula. 
Jendo navalit, the dreaded shipworm, burrows into the wood of ships 
and wooden piling of harbours by means of the sharp edges of the 
separate short valves of its shell. In San Francisco Bay alone the 
shipworm is reported to have caused damage to wooden structures 
estimated at $ 25,000,000 during 1917 — 1921. 

Some of the large squids and octopuses arc greatly feared by fishermen 
and divers. 



AMPHINEURA 

The members of this class have elongate elliptical body with ; 
convex dorsal surface covered by eight overlapping plates (Figs. 192, t 9 6) 
The plates are covered by a fleshy girdle that is part of the mantle 
The ventral surface .s largely occupied by the fleshy foot. The mouth is a, 
the antenor end. On the floor of the buccal cavity is a long radula 
with transverse rows of chitinous teeth. The alimentary canal consists of a 
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short pharynx, a stomach and a coiled intestine that ends at the anus. 
posteriorly. Numerous pairs of gills occur in the pallial groove 
between the mantle and the fcot. The nervous system comprises a 
nerve ring round the mouth, that gives off two pairs of ventral longitudinal 
nerve cords, connected together by cross nerves. The sexes are separate. 

The class Amphincura is divided into two orders : 

Order t. aplacophor.i. ( = Solenogastres). Wormliko. With numerous 
calcareous spicults in the thick integument but no shell. Foot 
rudimentary. Bottom dwellers. Examples: Chaetodcrma, Xeomcnia 
from tho North Atlantic. 

Ordor 2. polypi acophora. ( = I.oiicata). Fody elliptical Shell dorsal row 
ol oight plates. Fool largo. Gills 0-S0 pairs in grooves. Larva 
trochophore On rocks in coastal waters. Examples: Chiton , 
Cryptoth'ler, C liuclopltuiu. 

SCAPHOPODA 

The Scaphopoda have their body elongate dorsovcntrally. It is 
surrounded by a fleshy mantle that secretes a tubular shell open at both ends 
and tapers slightly at one end. The pointed foot protrudes through the 
broader end of the shell and helps in burrowing. There is no head, 
flic mantle functions as the respiratory organ. The shells of Dentalium , 
tu>< sh ill, were used as money by the American Red Indians. 



PELECYPODA 


The Pellxypods arc bilaterally symmetrical, compressed, accphalic 
molluscs, enclosed in a bivalvcd shell. They arc all aquatic, mostly marine 
and bottem dweller-. The class is divided into the following orders : 


isMAt v.\. Mar' ins of the imintlo generally s*»parato below 
••.mi. villi imp rfe< t siphon. Examples: .V umla, Area, Ostrea 
'*> it rs M./fUmt i ho sen mussel, Fcclen the scallop, Unio and 

l< it'mui fresh. vuirr mussel. 

•• 1 •:>: >•«.•.«: ;. Margins of tho mantle more or less connected below 

; r 1 1 ■ **'l, *iph*»ns usually well developed. Exumplcs: Cardiwn , 
h’ ."*, FhAu* that burrows in clny and rock, Teredo tho 

ipw-.r:;*.. 


Ord- 



v \* r ,\. Margins of tho mantle united below and behind, 
• \ot !••! liio fool and siphons. No gills. Example: Cuspidano. 


1 UNIO* 

Unio, the fres-i-v l mussel is a bilaterally symmetrical soft-bodied 
animal that is encloses • a bbalved shell. It lives partially imbedded in 
sand or mud at ilie bcuom of fresh-water streams. It moves but little 
and often remains :n exactly the same place for long periods of time. Its 

♦ The Unio that is commonly dis-soricd in India is LamelVdens (Lamellidene) 
mart} mat i s (Lamarck). 
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Oood consists chiefly of organic particles, microscopic animals and plants 
brought in through a current of water by ciliary activity. The mussel 
can keep its shell closed so tightly that it is impossible to force it open 
without breaking. When the animal dies, the muscles relax and the shell 
gapes open. When undisturbed, the animal lies partly buried in mud or 
sand, with the shells slightly agape. Its heavy shell is so cumbersome 
to carry about that it can hardly run down its prey. Instead it draws 
the water through its body and strains off minute particles of food. For 
protection it relies wholly on its heavy shell into which it retires. 

Systematic position. — 

Phylum MOLLUSCA 
Class PBLECYPODA 
Order prionodesmacea 
Superfamily Naiadace a 
Family Unionidae 
Genus Unio or 

Genus Lamellidens. 


umbo 




The shell.— The soft-bodied animal is enclosed in a calcareous shell. 
The shell consists of two lateral valves that are hinged together dorsally. 
When viewed from the side, the shell is oval, somewhat rounded 
anteriorly, angulated behind, thickest above and just behind the middle. 
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The two valves are fastened dorsaUy by an elastic hinge 
that draws them together dorsal.y and thus ^ ^rZn to the 
Close to this ligament is the umbo nearer to Around it 

posterior end. This represents the oldest point of the shell. 

concentric fines of groivth. On the inner surface of the 

valve, hinge teeth are present on the dorsal side. Rou ^ ned P 
sions indicate the places of attachment of the powerful «««*• 
muscles, that keep the shell Cosed. The pallia! line * « de a y 
from and parallel to the ventral margin, marks the attachment of * 
muscular layer of the mantle. The shell comprises t. an outer 
periostracum of a horny material called conchtolm, 2. a prts 
layer of conchiolin impregnated with calcium carbonate and 3 - an 
nacreous or mother-of-pearl layer, also of lime in thin lamellae. 

Soft parts. —The shell encloses the bilaterally symmetrical, com 
pressed soft body, comprising a visceral mass, produced dorsa y on 
each side into a muscular fold, the mantle or pallium and ventraly 
into a keel-shaped, extensile muscular foot. There is no head The 
visceral mass fills the upper part of the space between the two valves. It 
contains the organs of digestion, circulation, excretion and reproduction 
The mantle is an important organ characteristic of mollusca. It is really 
fold of the dorsal vail of visceral mass of the animal. It encloses a large 
mantle cavity or subpallial space. The free margin of the mantle is 
thickened into a prominent groove. The edges of the flaps are 
except posteriorly where they are fused together enclosing a pair o 
slit-like passages 1.1 between. The ventral passage is the inhalent 
siphon that open' to the outside by the inhalent aperture bordered 
by small tentacles. The dorsal passage constitutes the exhalent siphon. 
In a living animal a current of water enters through the inhalent 
aperture and lca' is by the exhalent aperture. The epithelium of t e 
thickened edge of the mantle secretes the outer and middle layers o 
the shell. 

The mouth is unarmed and opens in the middle line below the 
anterior adductor muscle. It is bounded on each side by two triangular 
flaps the interna! and external labial palps. The short oesophagus 
leads to a large stomach, the intestine descends into a visceral mass, 
coils on itself, ascends, proceeds as rectum through the pericardium and 
finally opens by anus into the exhalent siphon above the posterior adductor 
muscle. There is a typhlosole. The stomach and the coiled part of the 
intestine are imbedded in a mass of digestive glands. 
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* On each side of the visceral mass and above the foot is a single 
ctenidium or gill. It is composed of an outer and an inner lamina or 
gill plate. Each lamina is formed by an inner and an outer lamella , 
united along the anterior, ventral and posterior edges but free dorsally. 
In a transverse section, the four lamellae of each side resemble a W (Fig. 196). 
The outer lamella of the outer lamina of each gill is attached the whole 
of its length to the mantle. The inner lamella of the outer lamina 



F10 IDS. Unio. Ho^pirutory Kvutfin in vorticol trunavorso section#. A. In « lio 
region of tl.o anterior pari of foot. B. In the region of tho n.iddlo of foot. C. In tho 
region behind tl.o foot. Fool, mantlo mid viM-ornl man m folid bl«ok. I.j. I 3 o»»«er 
I n in in at*. I I* inner laminae, h outer lumrllu of tlio outer lamina, ' 2 inner lamella of 
Du. outer li.ir.iiia, I, outer lamella of tho inner lamina and l| inner lamella ol Iho 
inner lumina of llio gill*. 


is attached to the outer lamella of the inner lamina. The inner lamella of 
the inner lamina is attached interiorly to the visceral mass, free in the middle 
but behind the foot it is attached to the corresponding lamella of the gill 
of the opposite side. There are thus two branchial chambers 
anteriorly and posteriorly on each side. These communicate in the 
middle with the suprabranchial chamber above. Behind the foot 
1 he four branchial chambers open into the suprabranchial chamber 
that communicates to the outside by the exhalent aperture. 

The lamellae are porous and their outer surface is covered by 
cilia. The action of the cilia sets up a current of water through the 
inhalcnt siphon into the mantle cavity and out at the exhalent siphon. 
The ingoing water carries with it not only the oxygen necessary for 
respiration but also the minute food particles. The latter are swept 
off into the mouth by the cilia that cover the labial palpi. The outgoing 
water carries with it the excretory products and also the effete matter 
discharged by the rectum. 

The blood is colourless and contains colourless corpuscles. The 
circulatory system comprises a three-chambered heart, enclosed in a 
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pericardial cavity. The two auricles lie to the right and left of the> 
ventricle that surrounds the rectum. The oxygenated blood from each gill 
returns to the auricle of its side by efferent branchial veins. The 
auricles empty into the ventricle. From the ventricle arises an anterior 
aorta above the rectum and a posterior aorta below the rectum. 
The anterior aorta supplies blood to the mantle and to the body. The 
venous blood from the foot, visceral mass and posterior part of 
the body collects in a stout t;ena cava below the pericardium. The 
vena cava gives off a number of afferent branchial veins to the 
gills. The blood from the mantle returns directly to the auricle and 
docs not go to the gill. 



ventricle 


pericardium 

^^recium 

post 


ant adductor 


ctemdium 


bojanus organ 



19®- I »• *» A. Ut>-ritni .»f amoral intcrnul morpliolocv. 13. Nervous 

system. 


The excretory organs, called the organs of Bojanus , consist 
of paired structures under the floor of the pericardial chamber. Each is 
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essentially a tube bent upon itself, opening into the coelom at one end and 
to the exterior at the other end. Each comprises a spongy glandular 
kidney and a thin-walled bladder. The kidney opens in front into the 
pericardium The bladder opens between the two lamellae of the inner gill 

lamina. 

The nervous system comprises a small cerebro pleural ganglion 
on cither side of the oesophagus, connected together by a rransvcrsc 
cerebral commissure above the oesophagus. The cerebropedal 
connective extends downward and backward to a bilobcd pedal ganglion 
on each side at the junction of the foot with the visceral mass. The 
pedal ganglion represents the two fused ganglia of the fcot. On each side 
a long cerebrovisceral connective passes backward through the Boianus 
organ and ends in the two fused visceral ganglia below the posterior 
adductor. Each of the ganglia gives off nerves to different parts of 
the body. One of the important nerves from the ccrebropleural ganglia 
goes to the statocyst, a small vesicle behind the ganglion. It contains 
a calcareous statolith and serves as a static organ. The visceral ganglia arc 
surrounded by the osphradium, a patch of columnar epithelium of 
olfaciory function. 

Development— The sexes arc separate. The unpaired reproductive 
organs lie in the body mass above the foot. The vas deferens in male 
and oviduct in female open into the suprabranchial chamber. The 

sperms pass out through the dorsal siphon and reach the female. The 

ova do not leave the body but are fertilized in the gills, where they 
reach The eggs undergo unequal but complete cleavage. Segmentation 
and invagination lead to a gastrula with *n.U archenteron. Some of 
the cells of the gastrula are budded off into the blastocoele and form 
mesoderm. Simultaneously a deep invagination leads to the shell gland. 
This marks the dorsal surface of the embryo. A tuft of cilia indicates 
the posterior end. The shell gland becomes a plate of long, cylindrical 
cells, from which an unpaired shell is secreted This is replaced very soon 
by bivalved shell of triangular shape, the ventral angles of which arc 
produced into spinous incurved hooks. The body now becomes clctt 
from below upwards and thus gets divided into a single dorsally placed 
body proper and paired right and left mantle lobes. Upon the latter 
brush-like sense organs appear and on the ventral surface a glandular 
pouch secretes a long thread-like byssus. Mesoderm gives rise to one 
adductor muscle. The larva is now called glochidium and remains 
within the brood pouch. Later on, the outer gill lamina appears and 
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produced into a finger-shaped diverticulum. On the ventral wall of this 
diverticulum is a chitinous band, armed above by numerous minute rasp- 
like teeth in transverse rows. The chitinous band is the radula and the 
diverticulum is the radula sac. There are seven teeth in each transverse 
row in Pita : two marginal teeth, one lateral on each side of a central 
rachidian. The radula works against a chitinous bar, the jaw in the 
upper part of the buccal cavity. A pair of salivary glands , situated 
behind on each side of the buccal mass, opens into the oesophagus. The 
oesophagus, after a short median course, turns to the left and enters the 
visceral mass. The stomach is a large pouch and encloses a broad U-shaped 
cavity. The intestine lakes several turns in the visceral spire and ends in 
the rectum. T he ducts of the paired digestive giar.ds open into the stcmach. 

Circulatory system. -The perivisceral cavity is situated on the left 
side of the body whorl. It is nearly triangular in outline and extends 
dors ally bctvuen the two chambers of the renal organ. The pericardial 
cavity ccirrrunicatcs with the posterior chamber of the kicney by a reno- 
Dttriccrdial pure. 


i he heart has a single auricle and one ventricle. The heart, the 
wain aorta and the first part of the arteries lie within the pericardium. The 
auricle lies dorsaJ of the ventricle. It is a thin walled sac capable of 
c.'Mcr.-H n. Into it open the efferent ctenidial sinus , the efferent 
rcnciL and «h c pulmonary veins. Semilunar valves guard the auriculo- 
vcntricular opening. The ventricle has spongy wall. The main aortic 
trunk arises from the lower end of the ventricle. The aorta divides into an 
anterior cephalic aorta and a posterior visceral aorta. Within the 
pericardium, *bc ccpha!‘c aorta is enlarged into the aortic ampulla shortly 
dtc. if ; cephalic aorta gives off arteries to the skin, oesophagus, 

k.'t side ot th*. mint c .»nd v sphradium on the outer side and a small branch 
,0 r * lC rcny i genital erg ms on the inner side. The aorta crosses the 
oesophagus to the right, runs below it and supplies blood to the radula, 
buccal mass, u ntacles, fv.ot, etc. The visceral aorta supplies branches to the 
digestive glands, sicnach. intestine, etc. 

1 he venous blood collects in numerous blood lacunae, that unite to- 
gether and cr«:n into the large perivisceral and peri. intestinal sinuses. 
From these sinuses the blood flows into the pulmonary sac for aeration or 
into the renal sinus for purification. Some blood returns to the heart from 
the renal chamber without aeration by way of the efferent renal veins. The 
rest of the blood from the renal organ flows into the ctenidium for aeration. 
The snail is capable of both aquatic and aerial modes of respiration. 
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facing the observer, the aperture is on the right. The whorls coil downward 
from the nucleus clockwise, i.e., to the right. Such a shell is described as 
dextral. The shells of most gastropods are dextral. Occasionally the 
spiral is reversed and we have a sinistral shell (Fig. 201). 

Soft parts. — The skin of visceral mass is produced into a mantlet that 
serves as a protective cloak round the anterior part. It encloses the head 
when the snail retracts within its shell. The thickened edge of the mantle 
secretes the shell. 



Fin. 202. Pita !/tobi*a. Alimentary canal. 

The head is prolonged into a snouty with a pair of labial palpi 
and anterior tentacles. Behind the latter are the longer true 
tentacles. Small stalked eyes arc located at the base of the true 
tentacles. Both the pairs of tentacles are contractile and can be withdrawn. 
The mouth opens anteriorly in the median line on the ventral surface of the 
head. A circular opening below the right of the true tentacle is the 
generative aperture. A large nearly circular aperture on the right side 
between the mantle and the visceral mass leads into the pulmonary 
chamber. The anus is a slit-like opening close to the pulmonary 

aperture. 

The mantle encloses dorsally a large mantle cavity , containing 
the gill, the pulmonaiy sac, the osphradium, the penis, etc. The floor 
of the cavity is formed by the body wall. 

The alimentary canal. — The mouth leads into a large buccal cavity 
contained in a pyriform buccal mass. It is the masticatory part of the 
alimentary canal. On the floor of the pharynx is the characteristic odonto- 
phorey the rasping organ. The posterior part of the floor of the pharynx is 
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ihc larvae escape from the parent through exhalcnt siphon. The glochidia 
arc carried by currents and if they meet a fish, they fix themselves to its gill 
filaments by the hooked valves. They become the parasites of the 
fish, in which they get encysted within the mucus or skin of the host 
and absorb nourishment by the mantle. The cctoparasitic life lasts 
for ten weeks and during this time metamorphosis takes place. The provi- 
sional byssus and sense organs disappear ard stomodeum is formed and 



r:i:. L'' 0. i i - 1 \ -le «»l I'riio. A. Zyu»»to. R. C.istmln, C. Olochidium larva 
\vilh|it;vi» ’*>'• •• d i>> «>ks for Httnclmiciit. D. Fish gills with the glochidiu as 

|>urosit. «'. i. r.„., ( . w ill. the foot extended. F. Adult within the closed shell. 

communicates :rh archcntcron. ,\nus appears by rupture of ectoderm 
covering the posterior end. of archenteron. Foot comes as a median ventral 
elevation behind the mouth. Two papillae and rudiments of gills 
appear. The young unio drops off ftom the host and gradually becomes the 
adult. 



CHAPTER XIII 

ARTHROPODA-THE PRAWN 

::s :» : f =:7 K ,„r - -* ~ ■■ — £=2 

Arthropods live wherever life is possible on the earth . they occur in 
the oceans a, great depths more than five miles, in frcsh-waler lakes 

200CO Lrh ’ h . 0 " Spri r 8S ’ sul Ph ur -‘P"ngs, over high mountain ranges 
ao oeo feet above the sea level, in the desert, underground, in or on plants 

and animals. They have even invaded the air Th^ i P 

■he highest development among the Non- Chord!,. ThT 

also constitute economically the nfost important of ataLal! ar ' hr ° P ° dS 
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propulsion of body. The fins are used in steering. Above the rectum * 
is the ink sac, with its duct opening near the anus. The ink is 
dark-coloured pigment that is forced out of the siphon to create a 





ii;. 2uG. I Kin.. M ilutftfta. Class Gastropoda: snail. Cluss Cephalopoda: 
Pearly .iro-...| New Caledonia, the Fiji and Philippine Islands Its 

shell is disiinquis! I :r- t. i .»« -i Gastropod in that it is partitioned by septa. It is 
the sole sun ivo r ci a., i. . :>:a«»sliing proup. Cuttlefish has internal shell. hen 
disturbed, it po»ir« mi ■ « :■ « y-r a dark ink from its uik-glund— a Mmple smoko-screen 
behind which 11 tsoiv-.-s enemy. 

“smoke-screen,” under cover of which the squid escapes from its enemy. 
A branchial heart pumps the venous blood to the gills, whence the 
purified blood collects in an auricle on each side. These open into a 
single ventricle of the systemic heart that pumps the blood to the 
various parts of the body. The eyes have cornea, lens, aqueous and vitreous 
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*the upper hemisphere of the gastrula. The gut opens to the outside 
by the blastopore , that becomes soon narrowed and slit-like. Unequal 
growth of the lower hemisphere pushes the blastopore to one side, which 
later becomes the ventral surface of the adult. The embryo is now’ a 
trochophore larva \ery much similar to that of the Annelid. It escapes 
from the egg membranes and begins to swim by the action of cilia. 
The mouth opens just below the ciliated band and leads into a blind 
alimentary canal or the intestine ends in the anus. A pair of excretory 
tubules of perforated cells, ciliated internally, opens to the outside by 
the excretory pore. The upper hemisphere of the larva is distinguished 
as the velum from the lower, the ciliated band is the velar band or 
velar ring. The trochophore larva of the Gastropod at this stage is 
called veliger larva. The vcligcr now develops the rudimentary 
foot between the mouth and anus. The shell gland is a patch of 
columnar cells of the ectoderm on the dorsal surface of the vcligcr. 

Instead of elongating and segmenting as in the trochophore of the 
Annelid, the mesoblast bands on the right and left of anus of the veliger 
become hollow. Their cavities arc the coeloms. The left coelom 
' degenerates but the right coelom increases in size and gives rise to the 
pericardium, the excretory and reproductive organs of the adult. The 
shell gland gives rise to the larval shell that grows enormously. The 
mouth of the shell is surrounded by thickened patch of the body wall, 
the mantle. The anus moves to the ventral surface and finally comes 
to open near the mouth. In the bilaterally symmetrical larva the foot 
grows in size, the velum becomes reduced and the paired tentacles 
develop. The thickened edge of the mantle secretes the permanent shell. 
The visceral mass now becomes spirally coiled and the shell falls by 
its own weight to the right side, resulting in the asymmetry of the 
young gastropod. 

CEPHALOPODA 

The Cephalopoda are the most highly developed of the molluscs. 
They have a large head that bears conspicuous eyes. The mouth is 
surrounded by 8—10 fleshy tentacles or arms. The body is elongate 
dorsoventrally and the head is ventral. The arms arc the modified fcot. 
In the anterior wall of the bedy there is a horny internal shell 
(the common ‘scafroth’). A cartilage-like case surrounds the brain T he 
mantle is conical and alternately contracts and expands and forcibly 
expels the water out of the siphon. The result of this jet is the 



336 

the muscles. 

(Fig. 2C9) 
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Hence it is called exoskeleton 


or outer skeleton 



F,o 200 Diagram to illustralo tl.Mun.tumeni.il differences bet tvoen A. ondos- 
|<..|*ton comprising bones teovered by muscles u«* in the human hand B. exoskoloton 
comprising plates of hardened outer body wall connected by soft intersogmai.Ul 
membranes and covering tho muscles as in the leg ol an insect. 1 lio ono lies within 
uml tho other on tho surfaco of the body. r 



Fio. 210. Ideal diagram illustrating the fundamental difference in tho nnnelidnn- 
arthropodan plans of body structure : A. external and internal metamerism, soft body 
wall, circumpharyngeol nervo ring, ventral nerve cord, segmental nephridia and 
onjointed parapodia in the annelid ; B. only external metamerism, exoskeleton of 
regionally hardened body wall, jointed appendages, circumpharyngeal nerve ring ana 
ventral nervo cord and Malpighian tubules in the Arthropods. 
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ring aerial respiration the blood from the perivisceral sinus largely 
is into the pulmonary sac and little into the gill through renal chamber, 
aquatic respiration reverse is the case. When the snail is submerged 
der water, true aquatic respiration takes place. The ctenidium is the 
■an of aquatic respiration. It Ues in the right mantle cavity and consists 
a scries of thin triangular plates attached along a single row to the axis. 
1C pulmonary sac is concerned in aerial respiration. It is a large, 
ghly vascular pouch that hangs from the loof of the mantle cavity, 
iternate contractions and expansions of the pulmonary sac bring about 
.spiration and expiration. 



Km. 203. ritayloboea. Circulatory iystcni. [Adopted from Daini Pradiad, ID25, 
Mem. Indian M ******* 

The excretory organ consists of two chambers : the right anterior 
and the left posterior. The right anterior chamber projects into the 
mantle cavity, into which it opens. The posterior chamber lies behind the 
anterior and to the left of the rectum. The pericardium that lies on the 
left of this chamber is separated by thin septum, which is perforated by the 
reno- pericardial pore. 

The sexes arc separate. The male is somewhat smaller than tne 
female. The male genital organs include 1. the testis with vasa elTercntia, 
2. the vas deferens with the seminal vesicle, 3. the bypobranchial gland and 
4 lhc penis and its sheath. The testis is a flattened triangular plate in the 
2 i— 3rd whorl of the shell. Several fine vasa efferentia emerging hom 
the testis, unite or open into the vas deferens. The vas deferens com- 
prises a thin tube that enlarges into a vesicula seminalis for storage o 
semen Before it ends near the anus the vas deferens is developed into a 
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External features.-The body of the snail is divisible into a head, * 
foot and a visceral mass. When the body is extended the visceral mass 
always remains within the spiral shell. When disturbe , t e en tr 
is withdrawn into the shell, the mouth of which is closed by a calcareous 

° Per< The globose shell consists of six and a half whorls, that increase in 
size from the summit to the base. The whorls are in close contact with 



Fit:. 201. PHa g1-hon i. A *>ini«trul ekoll in front view. 

one another and each lower whorl is larger and overlaps the one above to a 
s»reat extent. The lines of junction between the whorls constitute the 
suture?. The cavity of the shell is continuous. The axis of the spirally 
twivud shell is occupied by a spirally twisted central columella , which 
opens ix-low by a narrow umbilicus. The lowermost whorl is the largest 
aad is called the body whorl. The opening of the shell is called the 
aperture. The outer border or lip of the aperture is the peristome. 
The inner IH is formed by the body whorl and columella. At the apex the 
first whorl ends in a small rounded extremity, the nucleus, which is 
the oldest part of the 'hell. The outer surface of the shell is smooth or has 
jidges corresponding <o the lines of growth. The colour is uniformly 
lemon- yellow, brown or sometimes black. The operculum that plugs the 
aperture is a calcareous plate. 

As in unio, the shell consists of the outer periostracum , a middle 
prismatic layer and the inner nacreous layer. It increases by addition 
to its aperture. If it is held with the apex above and the aperture 
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GASTROPODA 

The Gastropods have a distinct bilaterally symmetrical head and 
an elongate ventral foot but the visceral mass is spirally coiled The 
ihcll is spirally coiled and unchambcred; it is univalve. The shell 
exhibits great variety of form : in most forms the shell is right-handed 
but in some left-handed. The gastropods are abundant in the sea, 
fresh-water and on land. They are classified as follows: 

Subclass 1. PROFOBPANCPIATA. ( a Strcptoncura). Nervous system 8-shaped. 

Shell large, thick, usually wilb calcareoua operculum Head 
ofien snout like. Gills anterior to the heart Mostly marine. 
Examples: Acmaea, Patella, Pi smut el la the limpet. Halioli * tho 
uhulonc, Crepiduta bout shod, Littorina, Stron.bui the conch, 
Cypraea cowries, Mur ex, Buceinum. 

Subclass 2. opisthobkakciiiata. ( « Futhyncurn;. Nervous *y*tcm not tub ted 
in the figure of 8. Shell small or nono- Body asymmetrical -or 
secondarily symmetrical. Gill generally present, posterior to the 
heart. All murine. Examples : Ttthys, Dot is, Aeolie. 

Subclass 3. pulmonata. (Euthyneurn — part). Muntlo cavity anterior and 
modified into a lung, opening on tho right side. Shell a simple 
spiral or nono. No gills. Examples : Plano r li 9, Helix l ho garden 
snail, Umax tho slug. 

2. PILA 


Pila globosth the common apple snail, is abundant in tanks, ponds 
and riccfields. It prefers clean waters in which succulent aquatic plants 
flourish. During summer it lies buried in the mud, with the shell closed 
tight by the operculum. During rains it frequently leaves the ponds 
and crawls for long distances. A sticky secretion from the foot leaves 
a glistening track behind. When disturbed it withdraws into its spirally 
coiled shell. Its food consists of leaves of various kinds of plants. 
Systematic position.— 

Phylum MOLLUSCA 
Class GASTROPODA 

Subclass Prosobranchiata 

Order Pectinibranchiata ( = Monotocardia, with a 
single auricle) 

Suborder Taenioglossa 
Family Ampullariidae 
Genus Pila 
Species globosa. 

Its range of distribution extends from Bombay to Assam’ in the 
Indo-Gangetic plain. Its place is taken by Pila virevs , Pila conica and 
p. theobaldi in South Indij*. 
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thick glandular part. The penis sac is an outgrowth from the mantle. 
The penis arises from a flap of the mantle. It is a rod-hke structure s 
a deep groove on the inner surface. The female genital organs include I. 
the ovary, 2. the main oviduct, 3. seminal receptacle, 4. the men* 5- * 
vagina and 6. the hypobranchial gland with rudimentary copu atory apparams 
The orwy cccup.cs the same position as the testts of th em ale The 
oviduct lies below the ovary. The seminal receptacle rs a bean-shaped 
body below the posterior renal chamber and to the left of the «‘«us The 
uterus is a large, deep yellow, pyriform structure that contmues a. 

vagina- The seminal receptacle opens into it. 

The nervous system-Paircd buccal ganglia, one on each s. e 
dorsolaterallv on the buccal mass at the junction of the oesophagus, 
are connected together by the srout buccal commissure below the 

ot 0 n V ,s The buccal ganglia innervate th: buccal mass and 

oesophagus. The buccal ganglia of each side is connected by a 

cerebrobucc.il connective to the cerebral ganglion of its side. 

The t ■ ! :al ganglia arc paired structures lying anteriorly on the 
dorsolateral side of the buccal mass A cerebral commissure running 
transversely above the buccal mass connects the ganglia of the two 
sides The cerebral ganglia innervate the snout, labial palps, tentacles, 
eyes and slatocy-ts. The cerebral ganglion of each side is connected to 
the corresponding pleural and pedal ganglia by cerebropleural 
an d cerebropedal connectives. The pleural and pedal ganglia are 
fused together into a rectangular composite pleuropedal ganglion. 
■1 he pedal portions of the composite mass of the two sides is inter-connected 
' iv o transverse pedal commissures. The pedal ganglion sends 

iiiii 0 large number of r.ervcs to the foot. 

1 he left pleural ganglion is connected to the right pleural ganglion 
bv the infraint -stinal nerve. A pi eurocerebral connective from 
.he left pleural mglion connects with the corresponding cerebral 
g ai c!?r ■ it inner-::.' -he osphradium, parietal wall and other nearby 
struct- us 11 : " t .v.'-ral ganglion differs from the left in having 


the sa b ; r, ieiz « /. a l .c - ' 
arises from it. t i'** ?* s 

supra-intest 1 a- jer: ■ 
The supia-intt i!: ?» j:! : 

It innervates tnc n*i 
with the pleural gang 
is connected by the vis,-, r 


fused with it. A stout pal Hal nerve 
intestinal nerve connects it to the 
rebind the pleuropedal ganglionic mass. 

fu'iform mass behind the pleuropedal. 
,y\, pulmonaiy sac, etc. It connects 
: .upra-intcstinal nerve. Posteriorly it 
ective to the visceral ganglion. 
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The visceral ganglia are two fused masses at the base of the visceral 
mass, close to the anterior lobe of the digestive gland. It innervates 
the renal and genital organs, intestine, stomach, digestive glands, etc. 



Fio. 204. Pita globoia. Nervous system. {Adopted from liaini Pra»l<atl /'/•• ; 
Mem. Indian Mueeum, X). ' 1 

The sense organs include the osphradium, the eyes, statocysts, 
tentacles and labial palpi. The osphvadium is situated dorsolatcrallv 
on the roof of the mantle cavity. It bangs in the respiratory current 
like a curtain and is probably of olfactory nature. The eyes arc two 
deep black spots situated on short stalks behind the true tentacles. 
Each eye is a closed vesicle lined by epithelium, which is transparent 
in front, but modified into a retina behind. The cavity of the vesicle 
is occupied by a transparent circular lens. The statocyst (otocyst) 
is an organ of equilibrium, found close to the pedal ganglion. Each 
has a minute calcareous statocomia floating in a fluid. 

Development of Gastropod. — The following is a brief account of 
the development of a typical marine Gastropod, without reference to any 
particular species. It should serve as a type of Gastropod embryology. 
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II. Unio 

4. I'riu is u common frcsli-walcr mussel (hut bus u bivalve shell. Tho 
voire* consist of a perioatraeum and a prismatic ami nacreous layer. They ore 
kept c lescd by the powerful oddm-lor muscle:*. 

3. The mnntlo and the gills are the organs of respiration. 

f». The circulatory system includes a three-chan bered heart, the ventricle of 
which surrounds the rectum. 

7. The nervous system comprises oerobroplournl, pedal and visceral ganglia 
conn* ctod by nerves. 

8. The sense organs include lie? statoeyst and osplirmiium. 

9. The Sv'.xes are separate. D.irim; development a glochidium larva lives n9 
an ectoparasite on the gills <*f fish before the votin' unio is formed. 

III. Pila 

10. I‘ila is a common fresh-water .snail. Its body roinpiises u head, a 
spirally ceiled visceral mass,' a muscular f.- i and mantle, all of which can be relractod 
into a spiral shell and the mouth of the s.»rh . !«.• •«! by a calcareous operculum. 

11. The alimentary canal includes .• i-.rgv Uu>mm! mass containing the rnduln 
which >er\ • s ;.s > he rasping organ. 

12. The heart comprise* a single nmirle ami vcntriele. 

13. l'cspir it! *ii i.« both arpiati- by mentis of gills nnd aerial hy moans of 
pulmonary sne. 

hi. rhe nervous system consist •> of i ennglmnatcd lingatound the buecul moss 
connected to the pl-urop« dal nud \ i»ie: ! "rmgli.i. There is partial concentration 
of the nervoua -ystcin. 'Hie sense organs i yes, siatecyst nnd osphradium. 

lf». During «!• velopment a v.liger luva, greatly resembling an Annelid 
troehophoro, gradually metninorplmscs into •) sm.il. 
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chambers, retina with rods very much like those of Vertebrates. The 
Cephalopods are all free-swimming and predaceous. They are classified 
as below : 



Flo. 207. Phylumfif pllunco. ) Clas/Oe p hi. Inpo&m' In nearly dll tho living lor ms 
tlio shell is degeneruto lYm^cohcealed within tho body. They also hnvo u peculiar 
runnel that servos ns the organ of locomotion : locomotion is effected on the principle 
of jot. propulsion by forcibly ejecting tho water from the funnel. Order Octopoda : 
Octopus often attains u total spun often to thirty foot ami feeds mainly on erabs. Order 
Dccepoda : Sepia, the common cuttlefish has a pair of prehensile tentacles (Original 
photograph o/ specimen « in the Zoology Museum, St. John** College, Agra). 


Subclass I. 


Subcluss 2. 


TetraiihaNciii*. Shell intornal and coiled in ono plane, divided 
into- chambers by internal septa. Gills two pairs. No ink sac. 
Examples : Ammonite* ( extinct ), Nautilus the pearly nautilus 
(Figs. 194, 206). 

DiHRANciiiA Shell internal, reduced or none. Arms 8 — 10, with 
suckers. Gills one pair. Ink sac present. Examples: Sepia cuttle- 
fish (Fig. 207), Loligo the squid. Octopus (Fig. 2u7). 


Resume 

I. Molluscs 

1. The Mollusea are triploblnstic unsoginented animals typically with a 
mantle, a visceral muss and a muscular foot and onclosod in a calcareous shell 
secreted by the mantle. 

2. They arc divided into the Amphineure, Scaphopodo, Pelecypodu, Gastroooda 
and Cephalopoda. 

3. Tho Amphinoura have a generalized nervous system. Their shell consists 
typically of eight dorsal plates. Tho Scaphopoda have a tube-like shell open at 
both end 4. In tho Pelecypoda there is no head and tho shell is composed of two valves. 
The Gastropods pc eBess a well defined heod with eyes ond tentacles ami the body is 
spirally coiled. The shell is also spiral. Tho Cephulopods are tho most advanced of 
the Mollusca. They have ho true foot but only tentacles. Their eyes resemble those 
of Vertebrates. The sholl is often chambered or internal. 


0 INTRODUCTION TO ZOOLOGY 

Successive unequal cleavages of ihc zygote (Fig. 205) result in the 
formation of a group of micromeres and four macromeres . The former 
continue to divide more rapidly than the latter and a hollow blastula 
is thus tormcd. The micromeres constitute the roof of the blastula and 
the four macromeres form its floor. The macromeres now divide and 
become invaginated or folded inward into the blastocoele , the cavity 
of the blastula. A double-layered gastrula results. Two cells derived 



Fio. Dev* l--j»:nM»: . . n* I life -cycle of a typical Gastropod. A-B. Cleavage. 

C. Blastula in •i«»n. D V., U **ndn in section. F-G. Voliger larva with shell gland 
mid rudiment ury J?. \c':i «-r with shell and commencement of torsion. 

I-J. Torsion of lh« ' :*c.'iid m •*-. K-L. ^ oung snails M. Adult sndl. 


from the macicmcre» migrate, into the blastocoele at what is destined 
later on to become the po tciior end of the future snail. These are 
the mesoblasts as in the earthworm. The mesoblast cells repeatedly 
divide and give rise to ;; double- layered band between - the ectoderm 
and the endoderm. The ectoderm cells near the equator of the gastrula 
become elongated and develop tufts of cilia. One or more such ciliated 
' bands girdle the embryo. An apical tuft of cilia often develops on 
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The Annelida and the Arlhropoda are both segmented animals 
hout notoehord and with the nervous system > ventral to the ahme y 
. Th , Arthropods differ from the Annelids in I. the absen 

r a definitive head. 


lateral heart 


dorsal vessel 



haemocoele 

Flo. 211. ^“* | r ^, 0 eire h uu'l , ion r in Annelid ""ndB'." opi'n chcuffin in 

circulatory : A. cioscu 

the Arthropod. 


Characters. , . trinloblustic ond metamciicolly segmented. 

r/ y “»rr,:ea ^ ,ik ° 

; h ;;; d x - —* of t,m ,,ody - 

Exoskeleton of cbitin. 

£ 532555 - — — ”“«■”» 

eucking, etc. 

Circulatory system not closed. 

Respiration by gill, or apacial tube.. 

Excretion by green-gland. or m.lp.gh.an tubules. 

Vnromifl system of the Annclidan type. 

Seose organs include compound e y es ond sound perceiving organs. 

Sexes separate and fertilisation internal. 

Cleavage superficial. 


3. 

4. 

5. 


7. 

8 . 

9. 

10 . 
11 . 
12 . 
13. 


v I* 13. Cleavage euper6ciol. 

t\l». Development often with metomorphoe* . 

, ' ' 
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Characters common to the Annelida and Arthropoda 

1. Metameric segmentation of the body. 

2. Lateral extensions of the segments of the body into processes 
that subserve locomotion, viz. parapodia and appendages. 

3. Ventral nerve and anterior nerve-ring surrounding pharynx or 
oesophagus. 

4. Dorsal heart 

Characters peculiar to Annelida 

x. Body wall soft and sometimes chitinous. 

2. Mouth in the first segment. 

3. Coelom cavity in each segment. 

4. Tentacles on prostomium. 

5. Parapodia never modified as jaws and never segmented. 

6. Intersegmcntal septa present. 

Characters peculiar to the Arthropoda 

1. Body wall chitinous and very often hardened by deposit of variou 
materials, including lime salts. 

2. Mouth shifted to the third segment. 

3. Body cavity is not coelom, which is reduced to hacmocoels. 

4. Segments with segmented appendages that are modified as feelers 
jaws, legs, gills or claspcrs. 

5. Intersegmcntal septa absent. 

Classification. —There is much disagreement regarding the classes into 
which the Arthropods arc subdivided. Some recognize five while others 
list thirteen classes. 

Phylum ARTHROPODA 

Class 1. ciu'st a< ka. Kxoskeleton hardened by deposit of lime; modern 
forms with two pairs of antennae; mostly aquatic, respiration by 
gills. Examples : crab, prawn, waterfleas, bnrnucles. etc. 

Class 2. rvcNOCONlDA. Marine; abdomen vestigial; suctorial proboscis; 

legs seven pairs ; male carries eggs. Example : sea-spider. (Fig. 213). 

Class 3. MPIIOSVRA. Marine ; abdominal segments fused, ending in a 
long spine ; large cephalothornx. Example : Limulua king-crab. 
(Fig. 212). 

Class 4. APACiiNOiDKA. Terrestrial; four pairs of legs; abdomen without 
legs : simple <-yes. Examples : spider, scorpion, mite, ticks, whip- 
scorpion, book-scorpion. (Fig«. 212, 214, 215). 

Class 5. mPLoroDA. Terrestrial; numerous segments with two pairs of legs. 
Example: JhIu*. (Fig. 217). 

Class G. P--' ihtoda. Nine pairs of legs; terrestrial without eyes; found under 
logs, stonos, etc. in Jomp places. Example : Pauroptia. 

Class 7. SYMPiivi A. Terrestrial; without eyes; twelve poirg of legs; jn damp 
places. Example : SrolujifiidrfUo. 
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ruu.oroDA. Terrestrial ; body flu item 
segment. Examples : Qcuphihu, Lithe bi 
centipedes. (Fig. 21 G). 


*<*» with one pair of legs to C m li 
us centipede k , Xcutiyci a liutieo 


(dorsal) 


(ventral ) 


LINULU3 


SCORPION 
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Class 9. on vciiopiiora. Worm-like; terrestrial, *iih a pair of antennae and 
eyes; uhsegmentcd body with stumpy legs Exapmle: Pertpalus. 
(Fig. 218). 

Class 10. tardjg rat a. Minute unsegmented legs; four puirs unsegmented and 
with two or more claws ; under moss, in water, etc. Example : water- 
bears. 



Fm. 214. Phylum Arthropods. Class Arachnid*. Order Podipalpi. Whip 
scorpion lms n terminal whip on the abdomen and strong pedipalps. Ordor Pseudo- 
scorpionida : Book scorpion is no scorpion, and has no st'ng. It lives in damp old 
b.-ilding* and on moss. 



SPIDER TICK 


Ki... 215. Arthropoda. Class Arachnoidia. Spiders spin their webs of silk and 
o‘t« •• exhibit considerable skill and neatness in their job. Spiders ore eternal widows, 
bcoau*. tl..*y kill and devour tin* husband directly after the nuptial. They are 
mostly henelicial to man. Ticks arc ectoparasites on varjoqg animals like cat, do^, 
cattle, etc. on whose blood they livo. 
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SCUTIGERA 


I i«. 210. Phylum Arthropoda. Class Chilopodu : Scutigera tho house centipede 
Wn* 15 pairs of long legs. It runs swiftly ond lives on nil sorts of small insects. 








CENTIPEDE 



*10.217. Phylum Arthropoda. Class Chilo|»oda : Centipedes live under leaves 
and feed on insects, that ore seized by the poison fangs and stung. Some are 
phosphorescent and glow in darkness. Class Diplopoda: Millipedes differ from Centipedes 
in not having poison fangs. They feed on underground p iris of plants. Many secrete 
hydrocyanic acid by stink glands, as a protective device. 



Introduction to Zoology 


342 


Class 11. PRNTAsrOMiD*. Unsegmented, worra-like, parasitic in liver and lung 
of rabbits, noso of dog and rarely man. Example : tongue- worms. 

Class 12. in sect a. Head, thorax and abdomen distinct; single pair of antennae, 
thice pairs of legs and usually one or two pairs of wings on thorax; 
no legs on abdomen. Respiration by trachea. The most dominant 
class of animuls that have evolved social life Threo quurter of 
u million species known. Examples : cockroach, grasshopper, bugs, 
beetles, dragonflies, butterflies, moths, ants. Ives, wasps, termites, 
etc., etc. 


CRUSTACEA 


The Crustacea ( crust hard shell) include the crabs, prawns, crayfishes, 
waterfleas^ fairy-shrimps and barnacles. They are mostly marine but 
some inhabit fresh-waters. Respiration is by gills. A few like the 
sow-bugs terrestrial. The cuticle of the integument is hardened by 



Kio . 2'9 Phylum Artbrnpoda. Trilobitc. an oxtinct Crustacean 
! ruj.h of a fo's-l ..1 the Zoolog., Moscow, St. John's College, Agra.) 


( Original 


addition of carbonate and phosphate of calcium. The appendages aro 
typically biramous, i.e. branched into two. All modern Crustacea have two 
pairs of antennae or feelers on the head. A shield called carapace extends 
btek from the head ami covers part of the rest of the body. 
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Characters. — 


lm af°max?iiao tW ° P “ ir * ° f antennae * ono P' lir of mandibles and two pairs 

l. Carapace covers bend and parts of thorax. 

3. Respiration by gills. 

4. Excretion by “green. glands** ; no malpighian tubules. 



BRANCHIPPUS 



sw i m s’lipsi don down Tn* • vr^teTpon d«? ' “^ipAn *** t * II'' 0 C rtil > 
in all stagnant freshwater. It £ a "mS !“ 0n W * U?rflcft k V ' T 

%£* ,o " 8 — — « — 


i*r 
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5. Genital openings paired. : 

C. Development with more or less of metamorphosis. 

ClaMification. — 

Phylum ARTHROPOD A 

Class CRUSTACEA 

Subclass 1. thilobita. Extinct marine forms, with the body in three 
longitudinal lobes and single pair of antennae ; khown as fossils 
only. Example: Triarlhrus. (Fig. 219). 

Subclass 2. bi anciiiopoi*a ( = Pny llopoda). With Icaf-liko appendages; mostly 
fresh-water forms Examples: Bronchi pu fairy-shrimp, Daphnia. 

Subclass 3. copkpoda. Carupnce absent ; abdomen without appendages; many 
parasitic. Example : Cyclops water den. (Fig. 220). 

Subclass 4. ostrxcopa. Carapace bivalvcd and covering the whole body. 
Example: Cyprii. 

Subclass 5. « ip.ripeiua. Adult sessile, enclosed in calcareous plates. Examples: 
Balnnus acorn barnacle, f.epas goose barnacle. (Fig. 220.) 

Subclass C. malacost raca. Segments 19; head fused to one or more segments; 

appendages on nil segments. Examples : Squilla, Palaemon prawn. 
Cancer crub. Oni*cu& sow-bug. 


CRAYFISH CRAB 


; r : ‘ xrihropoda Class Crustacea. Crayfish and crab aro common 
.ns, t *mVf the anterior pair of legs modified us pincers- Lepas, 
• ■ ' - !v, is freo rs larva but becomes fixed, enclosed in 

: • «• mod into mouth by its logs. Barnucles often attach 

'*• -• numbers and reduce the ship's speed. 

THE PRAWN 

Prawns and v :£vf .hcs are common all over the world. They 
inhabit fresh-uater strvjnjs. rivers and ponds hiding by day and coming 
!o .he surface by night. They form an important article of food for 
r.-.nn. There arc several species of prawns in India. The common 
nver prawn belongs to the genus Palaemon , Order Decapoda with ten 
walking legs, subclass Malacostraca. 


Fio 221 
Decapod Ci « 

• ho common 
shelly pl.it« s 
themselves l«i 
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External features — The body comprises a rigid cepha/othorax 
in front and a mobile abdomen behind. The abdomen is composed 
of six free segments and the cephalothorax of fourteen segments 
fused indistinguishably together. Each segment has a pair of jointed 
appendages. The cephalothorax is covered by a continuous shield 
or the carapace , above and at the sides. The anterior end of the 
carapace is produced as a pointed rostrum. Beneath the rostrum on 
cither side is a compound eye on a movable stalk. The slit-like mouth 
opens vcntrally at the anterior end and the anus is a longitudinal slit 
vcnii ally at the posterior end, lying beneath a te/son. Paired renal 
apertures open cn the inner surface of the antennae. The paired 



Pro. 222. Tho prawn. Extornal features. 

fe ™ ale , genilal apertures are located between the third pair of 
wa,k.n g legs ,n the female. The male genital apertures are a.so 
pa.red openings between the fifth pair of walking legs in the male. 

exoskekmi 'TT' ° f abdomen is «™P°sed of a dorsal plate of 
exoskeleton called tergum and a ventral sternum joined together at 

e sides by membranous pleuron. The gills lie beneath the sides 
of the carapace. 
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Appendages.— Each segment of the body has one pair of jointed 
appendages, containing sets of muscles for moving them. The appendages 
of different segments differ much in size, shape and function, but are all built 
on the same general plan, viz. a biramous or two-branched appendage. A 
typical biramous appendage consists of i. a protopodite of two segments, 
a coxopodite and a basipodite, 2. an inner endopodite and an outer 
exopodite of variable number of segments. There are ninteen pairs of 
appendages, thirteen on the cephalothorax and six on the abdomen. The 



pleopod 


x - :: >• ::» of the typical appendages of the prawn. 

^ ephalothoracic appendages are: i. antennule, 2. antenna , 3. mandible , 
4 maxi Hula, > znaxiHa, 6 . three pairs of maxillipedes and 7. five 
pairs of walking legs. The abdominal appendages are called pleopods 
oi swimmerets that aid in respiration and also carry the eggs in the female. 
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The antennule includes three basal podomeres that comprise 
the protopodite, an outer and an inner many-jointed feeler. The outer 
feeler consists of two branches- a *hort and a long one. The first podoraerc 
of ihe basipodite has the opening of the statocyst. The antenna has 
the typical two-jointed protopodite bearing ihe two rami or branches : a 
many-jointed whip-like feeler and a flat squama. 

Ihe mandible lies one on either side of the mouth and forms 
the powerful jaws for biting and tearing. On the outer side the mandible 
bears a triarticulatc (with three segements) mandibular palpus. 

The maxillulae arc thin leaf-like appendages that have 
gnathobases on the protopodite to help the mandible in masticating 
the food. 


The maxillae are more or less similar to maxillulae. The 
exopodite is modified into a large fan-shaped scaphognathite, that bales 
out the water over the gills. The maxillipedcs arc flattened appendages that 
bear a leaf-like epipodite on the coxopodite for use as additional gills. 

The walking legs lack exopodites and comprise seven more 
or less elongate cylindrical segements: coxopodite, basipodite, 
ischiopodite, meropodite, carpopodite, propodite and dactylopo. 
dite. The first and second pairs end in pincers, called chelae, used 
for grasping in offence or defence. These two legs arc also used in 
conveying food to the mouth. 

Digestive system.— The mouth is bounded in front by a skeletal 
plate called tabrvm and by a metastoma behind. The buccal cavity 
has numerous irregular folds with thick chitinous lining. The oesophagus 
is a short tube leading behind to a large, thin-walled stomach. The 
stomach is divided into an anterior large cardiac stomach and a 
posterior small pyloric stomach. The stomach is surrounded by the 
hepatopancreatic glands, often also called "liver”. These -lands 
differ from the liver of the frog, because they secrete all the digestive 
enzymes and thus combine the functions of gastric, intestinal and 
pancreatic juices. They also store up glycogen and fat as in the frog 
but again differ in storing up calcium salts too. Calcified teeth project 
into the cavity of the cardiac stomach for grinding the food These 
teeth are moved by muscles on the outer surface of the stomach. The 
whole apparatus constitute the gastric mill. A short midgut 
follows the pyloric stomach. The midgut continues behind as the 
intestine ending in The anus. The digested food is sucked back into 
the hepatopancreatic tubules and absorbed into the system. 
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Circulatory system-— The blood of the prawn contains leucocytes" 
and a blue respiratory pigment haemocyanin : a compound of copper 


antennary 



pericardium 

hear! / pericardial sinus 


dorsal abd. artery 


hepatic artery-^ 
to hepalo pancreas 


/ i 


sternal artery 


^nerve cord 


anterior vent, thoracic artery posterior vent, abd artery 

Flo. 224. Circulatory system of the prawn (diagrammatic). 




and protcid. The oxygenated blood is bright-blue and the impure 
blood is colourless. The blood is pumped by a heart into arteries. 



l-ic. 225. . < . ii.«- ro une of circulation of blood in the prawn. 


There arc no veins ; the hbod escapes into spaces called blood lacunae or 
sinuses. The circulatory system is thus not the closed type met with 
in the frog or the earthworm but open or lacunar (Figs. 211, 224, 225). 
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The circulatory system includes i. a heart, ?. arteries and 3. blood 
lacunae or blood sinuses and blood channels. The triangular heart 
- lies in the pericardium with its apex in front, dorsally to the aliamentry 
canal in the posterior pan of the cephalothorax. There being no veins, 
the blood from the pericardial chamber enters the heart through five* 
pairs of slit-like openings called ostia. Arteries are given off both 
anteriorly and posteriorly. 

The anterior arteries include x. ophthalmicy 2. antennary and 
3. hapatic arteries. The median ophthalmic artery runs forward to join 
the antennary artery. The paired antennary arteries arise on cither side 
of the ophthalmic. Soon afterward, each gives off three branches : peri- 
cardial* gastric and mandibular arteries. It extends forward to 
the base of the eyes and divides again into a dorsal and a ventral branch 
supplying the eye, the antennule and the antenna. The dorsal branch 
divides again and unites with the fellow of the opposite side to form 
an arc into which the ophthalmic opens. The paired hepatic arteries 
originate from the root of the antennary arteries. 

The posterior arteries include x. the dorsal abdominal or 
supra.intestinal and 2. the sternal arteries. The dorsal abdominal 
artery is a median unpaired blood vessel running backward dorsad of 
the intestine. It bifurcates on the end gut. The sternal artery is a 
stout vessel arising from the root of the dorsal abdominal. It runs 
downward through the nerve cord to the sternum, where it divides into 
an anterior large ventral thoracic artery and a posterior ventral 
abdominal artery. The former runs forward and gives off branches 
to the first three pairs of walking legs, maxillipedes, maxillae and maxilluac. 
The latter runs backward giving off paired branches to the fourth and fifth 
pairs of legs, and to the plcopods. 

The blood from the capillaries of these arteries escapes into ihc 
blood sinuses ( haemocoele), whence it finally collects in a pair 
of large interconnected sternal or ventral sinuses in the cephalothorax. 
Six pairs of afferent branchial channels convey the blood from 
the sternal channel to the gills for oxygenation. The oxygenated blood 
passes through six pairs of efferent branchial channel s to the 
pericardial chamber. The course of circulation is represented diagranuna- 
tically in fig. 225. 

^Respiratory system. — The respiratory organs cons! ;c of three 
pairs of epipodites and the eight pairs of branchiae o> gills, enclosed 
in the branchial chamber. The branch iosteg i te or the lateral 
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part of the carapace forms the branchial chamber that is open below, 
in front and behind. The branchiostegite is lined on the inside by a 
thin membrane, enclosing a blood lacuna and thus forms an important 
respiratory surface. A gill consists of two rows of diverging flat gill 
plates arranged on a long base , like the leaves of a book. Three 
longitudinal blood channels, run through the base two lateral and 
the third median. The lateral channels are connected together by 
numerous transverse channels. Marginal channels from the lateral pene- 
trate into each gill plate and open into the median channel. The 
scaphognathite constantly moves back and forth and thus sets up a current 
of water into the branchial chamber. The water enters the branchial 
chamber from behind, washes over the gill plates and goes out anteriorly. 



I'l-s 22ft. Ri>)iiiutory tystem of the prawn. 

Ilk- itdls are of three types according to their location : i. podo - 
branch il aUaehed to the coxopoditc of an appendage ; 2. arthrobranch 
«f attached to rhe membrane between the body and the appendage ; 
avu 3. pleurobranch when on the lateral wall of the body. There 
are a pair of podobranebs on the second maxillipcde, two pairs of 
■srthrcbranchs on the third maxillipcde and five pairs of pleurobranchs. 

F.*; etoiy system. A pair of green. glands in the coxopodite 
■y> die antennae constitute the excretory organs of the prawn. The 
green-gland includes the end sac, labyrinth and bladder. The bladder 
continues behind as the lateral ducts to the renal sac above the; 
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T cardiac stomach in the cephalothorax. The ureters from the bladder 
open to the outside on the inner side of the coxopoditc of the antenna. 

Reproductive system. — The sexes are separate. The female is 
relatively small and has the second chelate legs relatively long. The 
genital organs of the female include a pair of ovaries and oviducts. The 
ovaries lie between the he jitopancreas and pericardium and become 
large during the breeding ^Ason. The male organs comprise the 
paired testes, vasa deferentia «d seminal vesicle. The testes correspond 
to the ovaries in position. 

Nervous system.— The nervous system includes i. a paired supra . 
oesophageal ganglion connected by 2. paired circumoesophageal 
commisures to the large ventral thoracic ganglionic mass, that 
gives off 3. the ventral nerve cord behind. The thoracic ganglionic 
mass represents eleven pairs of fused ganglia. The vcn'ral nerve cord 
bears six pairs of ganglia in the abdomen. 

The brain gives off paired 1. optic nerves to the retina of the eye, 
2 ophthalmic nerves to the muscles of the stalk of the eye, 3. antennulary 
nerves and 4. antennary nerves. From the thoracic ganglion arise eleven 
pairs of nerves supplying the mandibles, maxillulac, maxillae, maxillipcdcs 
and legs. 

The sense organs comprise 1. the eyes, 2. statocysts, 3. olfactory 
and 4. tactile organs. 

1 he eyes arc situated on a two-jointed stalk that can be moved up and 
down or back and forth. Each eye is compound : it is composed of 
numerous ommatidia or simple eyes corresponding to the numerous 
facets on the surface.* The statocysts arc globose sacs in the basal 
segment of the antcnnules. The statocyst opens to the outside by a 
small aperture covered by an integumental fold. It is filled with 
minute sand granules and is lined by sensory setae. The statocyst is 
the organ of orientation that serves for perceiving changes in the direction of 
gravitation. With changes of position of the body, the sand granules 
press against the sensory hairs, which are connected by nerve fibres to 
the brain. The antennae are the chief tactile organs. The smaller feeler of 
the antennulc is the olfactory organ. 

Behaviour. — The prawn lives in burrows in streams and rivers and 
it resists being dragged out of its burrow. It uses the chelate legs in 
defence. It can walk on the bottom in any direction : forward, backward or 

♦ For u fuller description of the compound eyo nnd its mode of action see 
under Cockroach. 
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sideways. It also swims backward by darting movements. It loves contact 
and concealment. If a leg or other appendage is severely injured the 
prawn performs a surgical operation on itself and amputates the injured g , 
a new leg then grows in place of the one lost. 
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CHAPTER XIV 

INSECTA-THE COCKROACH 

The INSECTS arc the dominant animals at the present time on the 
earth Over three quarter of a million species of insects have already 
been named and described! It is estimated that there are actually ten 
times more yet waiting to be discovered. Descriptions of insects fill 
libraries. Thousands of scientists are engaged all over the world in the 
study of entomology or the science of insects. . 

Not only do insects far exceed in number of spec.es and of individuals 
all other animals combined, but they are also the most widely distri- 
buted most powerful, most useful, most dange.ous and most everything, 
an J animal has made a most brilliant success of life, « is the insecc They 
W cre one of the firs, to invade the dry land and the air in the great 

p- - ‘ hus h ; r d 

Thei°r n org e a a Ia«ion, structure, food, habits and development make them the 

Lr fitted for „fe. 

— -r: rir-” rcm. 

,BC fruits etc, but also clothes, paper, wool, rubber and 

’ meul lead ' Their strength and powers of endurance are truly 
CVC " dnP A / ucanua ( stag-horn beetle ) can, for example, drag ninety 

a § distance thirty times its own length for 
times i hardly onc-twcnticth of an inch 

twenty-five mmute-A ^riLtal disunL of thirteen inches and 
long but it can ) m P . wcrc t o do a similar 

a height of about «£* ^ about S£vcn huD drcd fee, and a 

h a h iumo m of about four hundred and fifty feet 1 The powers of reproduc- 
' B in the insects are also unimaginably enormous. A pair o \cs, 
for example, would reproduce in six months to the enormous number 

7 j - -- r itis - i: 

~ rr::: rs 

much more acute than those of other animals. Insects 
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hear when man cannot. It is therefore no wonder that insects are the 

m0S ' Tnseafhunted 1 Tr' gathered the harvest long before W 
They built roads, bridges, houses, pref.bnc.ted log wood la*®* and 
sky-scrapers when there were no human engineers. The; raised h g 
and used poison gas and bacterial weapons while Europe had no. yet been 
born They domesticated animals, kept playful pets and had slaves t . 
b*. ™ <v„,v,d . — P« 

government, from which we are even today very far off . rrntillted 

insects are Arthropods typically with the body segments MwMri 
into head, thorax and abdomen. They have only three pa.rs of legs, which 
are conned to the thorax. Many of them have one or two pa rs 
wings on the thorax. The appendages on the head are modified 

mouthparts for grasping, or chewing food or for p,etc ' n * ^dound eyes 
skins and stacking liquids. They have both s.mple and compound eye . 
Their body is the most perfectly air-cond.t.oned system; respt. ratio i 
effected by the air reaching every minute part of the body in a system 
of branched tubes called trachea. Most insects are terrestnal. Some 
arc aquatic and others are parasitic on various animals including other insects. 


'1 



ocellus^/ 
comp eye -gA 


simile 


al membrane 


Ym. 227. A generalised insect. External features in lateral view. 


• Insects differ from the nther Arthropods in i. division of the body 
into head, thorax and abddien, 2. three pairs of legs aDd 3. wings. 
These characters at once separate * them from the scorpions, spiders, 
millipedes, centipedes, mites, ticks, etc., which are not insects. 
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Characters. — 

1. Body with hood, thorax and abdomen distinct. 

2. Head with one pair of Antennae and mouthprrls for biting and chewing, 
piercing and suck in", lapping, siphoning, etc. 

3. Thorax with three pairs of walking logs and usually two pairs and some- 
times one pair of wings, rarely wings reduced or absent. 



5PRING TAIL 


Fig. 22*. Claes intcctn. Order Collrmboln The springtnil is a minute, soft- 
bodied insect that occurs in dump places The springing tail that is engaged 
in a slinnp-liko ventral appendage on tho huso of abdomen is suddonly rcluused and the 
insect shoots forward into the air. 




COCKROACH 




EAR WIG 


Fig. 22'J. Class Insecta, Ord?r Blattariu : Cockroach. OrJor Derma p tore ; 
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4. 

5. 
G. 
7. 
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o\fact®r>’ » tactile and 


SSTSSSSSi— * 

Be.piri.tion by tracbcol tube*. 

Excretion by Malpighian tub “ l “. 

— 

auditory orgons. 

10 Sexes always separato 

11. Development often will, metomorphoa . a rc larger than 

. «» - -n.o ore ^rotoroe, * _ , ong and tho iongo.t 

Whk h the * roCU, ° 0r - 

ntiusia. 


Subclass 1. 



LEAF 1MSECT 


STICK INSECT 


,o. 230. C.ass Insects. 

ESVM* -C^S A 3S insect bos — r body that n.etcbe, 
>ur and appearance with stiers. 
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The common salivary duct opens on the hypopharynx. The true mouth is 
Jiigh up above the mandibles. 

Thorax.— The thorax includes the large prothroax and the 
relatively small mesothorax and metathorax. Each of the segments of 
the thorax bears a pair of legs ; there arc thus three pairs of legs. Each leg 
is composed of a short, flat coxa , a small trochanter , an elongated 



Fio. 238. Peri plan eta americana. I-cg. 

and stout femur, a long slender tibia and a five-jointed tarsus ending in 
a pair of curved sharp claws. All the legs are used in walking, running 
or climbing. The forelegs extend forward, seize the ground and drag c 
body. The midlegs support and steady the body. The hindlegs pus e 

body forward. 
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The piothroax has no wings. The mesothorax bears a pair of 
wings dorsally. These wings are elliptic oval or oval horny structures 
called tegmina and are not used in flight. They serve to cover the 
wings of the metathroax. These latter are membranous structures, 
strengthened by veins or nervures and folded lengthwise under the 
tegmina when not in use. The wing veins are of constant pattern in 

each insect and form the basis of classification. 

Abdomen.— The abdomen is broadly attached to the thorax and 
bears no legs. There are ten complete segments excluding the anal 
one, but several of them are modified and tucked under others. In the 
female, the abdomen is broader than in the male. The eighth and ninth 
segments arc very narrow. The tenth segment bears a pair of small, short 
lateral, many-jointed cerci. The genital opening is located between 
the ninth and tenth segments in the male and in the eighth segment in the 
female. The ninth segment bears ventrally a pair of short unjointed styles 
in the male. 

Skeleton— The scleritcs formed by thickening of the integument 
I. give a definite shape to the body, 2. support and protect the internal 
organs, 3. provide attachment to muscles and 4. form the frame-work 
of the body. They therefore constitute the skeleton of the cockroach. The 
skeletal system of the cockroach differs however essentially from that 
of the frog : tnc skeleton lies on the surface of the body and the muscles 
which are attached to it do not surround it as in the case of the bones of the 
frog, but the muscles arc enclosed by the skeleton (Fig. 209). It is thus an 
external armour or exoskeleton. The exoskeleton is largely composed 
of chitin, overlying the hypodermis. Chitin is a non-ccllular nitrogenous 
polysacharidc (C, ; H ,, N 4 0 21 ) *, insoluble in water, alkalies, dilute acids 
and in the digestive secretions cf most animals. It thus resists the 
evaporation of water from the tissues and forms an effective armour 
plate for the soft parts. To permit movements of the body, it is flexible 
between the body segments and in the joints of appendages The 
exoskeleton is in effect a fixed external armour that severely limits the size 
of the animal. Growth would be impossible but at intervals there is a 
shedding off of the old skeleton by a process called moulting or eedysis . 
Prior to an eedysis a new soft exoskeleton forms beneath the old one, 
which now becomes loosened, splits dorsally and the animal creeps 
out. It now expands rapidly before the new exoskeleton gets hardened. 
The last eedysis takes place just when the insect becomes an adult. 
The exoskeleton has important advantages over the hard bony endoskeleton ; 
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it is stronger and at the same time lighter. It combines strength, rigidity, 
lightness, flexibility, mobility, elasticity and protection. It is thus superior 
to such armours as the heavy shells of snails. 


The cxoskcleton of the head (Fig. 236) comprises 1. a pair of epicranial 
plates , joined by a median epicranial suture and covering the top, the 
greater part of the back and sides of the head, 2. a clypeus in front 
to which the labrum is hinged below and 3. gena which forms the 
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cheek or the part behind and below the eyes. The foraman magnum is 
bordered in the cavity of the head by a strong rim, which gives off anterior 
arms. The rim and its arms constitute the tentorium or the internal or 
cndoskeleton of the head 

The skeletal elements of each segment of the thorax and abdomen 
cemprise a dorsal fclcrite called tergum or notum and a ventral sclerite 
or sternite. '1 he pronotum or the terga of the prothroax is the largest of 
the thoracic tergites. It is broadly triangular, with the broad base directed 
behind. It projects on all sides and also conceals the head. The stermtes 
of the thorax arc small. The tergites and the sternites of the abdomen are 
large, transverse, arched plates; the tergites project somewhat laterally 
beyond the sternites. The hind margins of the tergum and sternum of one 
segment slightly overlap the front margins of those of the next. 

Musculature. --Nearly all the muscles, both voluntary and involun- 
tary, are striated muscles. The head contains a complex set of muscles 
that work the antennae and the mouthparts. The muscles that move the 
mandibles arc the most powerful of these. The muscles of the 
antennae and the mouthparts have their origin and insertion within 
the head itself and thus comprise the intrinsic head muscles. Some of 
the muscles of >he bora*: mmc the head and arc inserted in the head ; these 
are the ex trinsi* hea muscles- 1 he muscles of the thorax are very 
complex .u.d v. . y powerful Some of them arc longitudinal and others 
dor*o\cnt r a 1 . t hey e:ve to move the wings and legs. They arc essen- 
tially the chief locomotor muscles of the cockroach. Besides, each leg 
contains a set of muscles that move the various segments of the leg. The 
abdomen contains longitudinal, oblique and other muscles. 

Digestive system. The digestive system of the cockroach includes 
the 1 nu uthparts and 2 . the alimentary canal and its associated glands. The 
mouthparts have already been described. 

Alimentary canal—The labrum in front and the labium behind 
enclose a pre.oral chamber > in which the mandibles, the first maxillae 
anl the hypopharynx arc contained. The external opening of the chamber 
is not really the true mouth: it is the functional mouth. The true 
mouth is located higher up the chamber at the level of the base of the 
mandibles. The pre-oral chamber is divided into an anterior and a 
posterior part by the median unpaired hypopharynx. The anterior part 
contains the mandibles and the maxillae and is thus called the cibarium 
or chewing cavity. Into the posterior part, the salivary ducts open and is 
therefore the salivariurn or the salivary chamber. 
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The alimentary canal (Fig. 24°) of the cockroach is always longer than the 
body of the cockroach and is therefore looped or coiled. It begins in the true 
mouth and ends in the anus. It consists of three parts : 1. stomodaeum 
or foregut, 2. mesenteron or midgut and 3 - proctodaeum or h.ndgut. 
The fore and the hindguts are extensive and are really the external integu- 
ment that is deeply invaginated and are therefore ectodermal in origin. 


salivary gland 


salivary duel 


sail vary receptacle 


hepatic caeca l 



intest in 


tectum 


malpighien tubules 


Fio. 240. 


I‘eri ptavrta am"ica»a. The elimente.y »y.l v il "' 

They are lined by a chitinous intima (Fig. 24.). The short midgu. is formed 
out of the archenteron of the embryo and is therefore endodermal « 1 origin , 
it lacks the intima. The foregut is differentiated into the follovu g 

regions- I. pharynx , 2. oesophagus , 3 - crop and 4 prooentneu us 
or eizzard. The midgut is the short small stomach. The large intes 
and the rectum comprise the hindgut. The mouth opens into a short bucca 
cavity, which immediately continues as the pharynx. The pharynx passes 
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through the nerve ring. A number of muscles arising from the inner 
surface of the head capsule and inserted on the pharynx, serve to dilate the 
pharynx for the passage of food (Fig. 241). The pharynx passes gradually 



tbarium 


riypopharnyx 

'jfllivoriu'n- 


oesophegus 


salivary glends 


prove nine ulus 


s'omixledl valve 



FIG. 241. A. Part »f transverse* section of foregut to show tho intimn. (The 
circular muscles lie superiicitlly >.nd ».n* erroneously labelled ns longitudinal; the 
longitudinal arc wrongly labelled circular) B. Diagram of the fundamental plan of 
alimentary* canal of o gcner.ili/r'd insect in median longitudinal eertion. ( From 
Hermann Weler : (Krundrins dn 1 meL-tenl >n,de, Cuv.'ac FiWher, Jena). 
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into the compressed oesophagus, that leaves the head through the foramen 
magnum and enters the thorax. 

In the thorax the oesophagus is enlarged into a spacious, long and 
thin-walled crop, which extends backward into the first part of the abdomen. 
The wall of the oesophagus and crop is thrown into numerous longitudinal 
folds that project into the lumen (Fig. 241). The outer surface is covered 
by a net-work of tracheal tubes.. The wall of the crop is composed of 
circular and longitudinal muscular coats, epithelial layer and the intima. The 
muscular coat comprises only striated fibres, unlike in the case of the 
oesophagus of the frog. The epithelial layer secretes the intima, which 
bears stiff chitinous hairs or bristles (Fig. 241). These bristles arc directed 
backward. The crop is an organ of storage of food. Cockroaches that arc 
fed on oil and sugar, store these up in the crop for nearly two months, 
before they are finally digested and absorbed. 

The proventricul us (often erroneously called gizzard), the last 
part of the stomodacum, is a short, bluntly cone-shappcd, thick-walled 
structure. It is the most highly specialized part of the digestive canal. 
The muscular coat of its wall is of considerable thickness and includes 
many layers of circular muscles. The inner lining projects into the lumen 
as six longitudinal folds, that arc densely sdcrotized anteriorly and form an 
armature of six plates. Each of these plates is produced into a sharp 
tooth-like process pointed backward. In the posterior part the folds 
arc again thickened into cushion-like stuctures and covered by stiff 
bristles, which are also directed backward. The teeth-like plates can 
be approximated together by muscles and constitute an efficient 
grinding and straining apparatus. The posterior part of the inner 
lining of the proventriculus projects like a narrow tube into the cavity 
of the mid gut as the stomodeal valve (Fig. 241). 

The midgut is a short tube lined by columnar epithelium. It is 
essentially the stomach of the cockroach and is also called the ventriculus. 
There is no chitinous intima in the wall of the ventriculus. The 
muscular coat also differs from that of the stomodaeum : the longitudinal 
muscles are external and the circular muscles are internal. Eight 
short finger-shaped hepatic caeca are attached to the anterior end 
of the ventriculus. Each of these caeca is hollow and closed at the 
free end, but open into the midgut cavity at the attached end. They 
secrete a digestive fluid into the ventriculus. 

The proctodaeum follows directly behind the ventriculus. It is 
essentially a tube that extends from the stomach to the anus. Just anterior 
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to the commencement of the proctcdaeum are the fine malpighian 
tubules attached to the gut. The proctcdaeum is differentiated into 
an anterior short narrow ilium or intestine , a posterior colon or large 
intestine and a short terminal rectum , with longitudinally folded wttfe. ; 
The proctodaeum is lined by intima and the inner lining is thrown into six 


longitudinal folds in the rectum. 

A pair of large grape-buEch-shapcd salivary glands and a 
pair of large salivary receptacles are found in the thorax. The 

ducts of the receptacles join to form the common salivary meatus into 
which the common ducts of the salivary glands open. The salivary 


meatus opens posteriorly on the hypopharyrx in the pre-oral chamber. 


Circulatory system. -(Fig. 24 z). The circulatory system is of 
the lacunar type, i.e. it is not closed, there being no capillaries or veins. 
The heart is a long slender tube tl at lies in the median longitudinal 
line of the abdomen and thorax beneath the dorsal bedy wall in a 
shallow pericardial cavity, formed by a thin diaphragm. The 
heart consists of thirteen chambers following one in front of the other. 
Each chamber has a pair of minute lateral apertures or ostia, guarded by \ 
valves. Anteriorly the heart continues as a short aorta, which opens 
into the hacmococlomic space in the head. The heart pulsates from 
behind forwards and the blood enters it through the ostia from the 


pcricardical chamber. 

The blood consists of plasma or haemolymph and haemocytes 
or colourless blood corpuscles. There is no respiratory pigment in the 
blood to carry the oxygen. The blood serves as the distributing and 
collecting medium for food and wastes, acts as a food reservoir, expands 
wings, aids moulting by pressure, kills bacteria, etc. 

v/Rfspiratory system.-! he cockroach has a most efficient respiratory 
system, which makes up for the poorly developed circulatory system. 
The blood is not oxygenated in lungs as in the frog or in gills as in the prawn, 
and not carried to every minute part of the body. Instead the air 
it self reaches every ultimate cell directly in a system of branched tubes called 
trachea . The trachea opens to the atmosphere by spiracles, on the 
surface of the body. In the frog the blood goes to the lungs for oxygen, but 
in the cockroach, the oxygen itself goes directly wherever it is needed. 
The cockroach has thus a well dt^eloped air. circulatory system. 
The respiratory activity of the cockroach is thus much more intensive than 
that of the frog. More energy is thus liberated.. Cockroaches and ^ 
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other insects are therefore much more active and 
Of strength than all other animals. 


perform much 
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greater feats 





fr untie, Fincher , Jena). 


t In* 


1 he tracheal system beg.ns in the spiracles. There arc ten pairs of 
sp.racular opemngs or ,tigmata in the cockroach : the first pair lies 
m the mesothorax, the second in the metathorax, and one pair in each 
ol the first eight abdominal segments. The prothorax and the head lack 
spiracles. The spiracles can be closed or opened by the cockroach by 
means of a special closing mechanism Each spiracle opens into a 
short spiracular trunk , which gives off a dorsal trachea, ventral 
trachea and a longitudinal trachea (Fig. 243). The longitudinal 
tracheae of the spiracles join together to form a continuous lateral 
longitudinal tracheal trunk. The dorsal and ventral branches ramify 
repeatedly, becoming finer and finer, and penetrate all parts of ,V 
body. The mesothoracic spiracle supplies four large tracheal trunk- 
to the head. 

The trachea is essentially an infolding of the integument. It is 
lined by ch.t.nous intima in' the form of spiral thickenings. The finer 
branches called tracheo/es lack the spiral thickenings. 

The circulation of air in the tracheal system is ensured by 
the throbbing movements or alternate contraction and expansion of the 
abdominal wall. The spiracle is opened and the expansion of the abdomen 
, forces the air through the. spiracles into the trachea. The spiracle is 
' now closed and the abdomen^contracts. compressing the air, which is 
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thus forced into the finest recesses of the tracheoles. The spiracles 
open and the abodomen expands. More air is sucked into the tracheae 
and again forced into the - finer tracheoles. Further contraction, with 
the spiracles open, forces the de- oxygenated air out. The respiratory 
movements of the abdomen are reflex actions. The greater the muscular 
activity of an insect, the more vigorous is the pumping in-and-out o 
the air. Considerable quantities of oxygen are often stored within the 
tracheal tubes. Cockroaches have astonishing powers of recovering after 
being exposed to an atmosphere of CO., or inert gases. 


s/, 

longitudinal 

transverse 


l*i , . i . 1 1 >• mm. Tin* Iraclienl system in <lor.snl view. 

ExcaV Jf>r> '.y The malpighian tubules comprise the excretory 

organs of ti.e There arc six bundles of these tubules. Each 

bundle comp. i es u* .-.si ten thread-like tubules. The tubules are closed 
at their free end but r-pen into the hindgut proximally. The inner lining 
of the tubules conMsts of glandular cells and the lumen is often filled 
up by crystals of uric acid. The tubules separate the urates from the 
blood surrounding them. The crystals are emptied into intestine to be ^ 
thrown out with faeces. 
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Nervous system and sense organs- — The nervous system of the 
cockroach is constructed on the same fundamental plan as in Annelida 
and Crustacea. There is however a greater degree of specialization. 
It comprises the brain, ganglia and ventral nerve cords. Several of the 
ganglia are fused together, so that some of them are larger that the others. 

The brain or the supra-oesophageal ganglion lies in the head. 
It is very small when compared with the size of the head. It consists 
of a bilobed mass lying dorsad and somewhat in front of the oesophagus. 
It is really a syncerebrum or a compound brain composed of three 
fused ganglionic pairs : protocerebrum, deutocerebrum (pronounced 
doitocerebrvm) and tritocerebrum (Figs. 244, 245). 
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FlO 244. The nervous system of « generalized insert A. I> 1 s. 1 l view of the 
central and sympathetic systems. B. Tho brain, eircuruoesopliuiM‘i.1 .•..iniui-siire ami 
aUboesophageal ganglion in luteml view. ( From Hermann II ebei Grundrits d:r 
Ineektenkunde, Qustav Fincher, Jena). 
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The protocerebrum gives off laterally a pair of short, very stout 
optic nerves going to the two compound eyes. The deutocerebrum gives off 
nerves to the antennae The labrum is innervated from the tntocerebrum. 

The tritocerebrum also gives off a pair of stout crcumoesophageal 
commissures, which encircle the oesophagus 
pass downward and backward to the suboesophageal ganglion. 
The suboesophageal ganglion lies below the oesophagus and in front of 
the mentum (Fig 244). This ganglion is also a compound mass and 
is composed cf three fused garglicnic pairs. It gives off the paire 
mandibular , maxillary and labial nerves. 



pic. 245 .'n -jufi iro./i. Nervous System in dorsal view. 

The paired ventral nerve cord from the suboesophageal ganglion 
parses backward into the thorax. There are large paired pro-, meso- 
and metathoracic ganglia in the thorax. Each of these ganglia give off 
several paired nerves to the legs, wings, muscles, body wall, etc., and 
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oT “ ,OSe ' her ^ ,hC VCn,ral DerVe COrds - There is also one pair 
ganglia on the nerve cords in each of the first six abdominal 

segments The ganglia of the sixth segment is the largest of the 
abdominal ganglia. It represents the fused ganglia of the sixth, seventh, 
cghth, ninth and the other abdominal segments. I, gives off nerves 
to the sixth segment and to the rest of the abdomen behind. 

I here IS a sympathetic or stomatogastric system (Fig. 244). 
A frontal gangl.on lies dorsally on the oesophagus in the head 
A median unpaired recurrent nerve extends from this ,0 the visceral 
gangl.on on the crop. The visceral ganglion gives off nerve branches .0 
the crop and gizzard. The frontal ganglion is connected with the 

C commissurcs V . OUS SyS ‘ Cm * ^ ,he circu ™esophageal 

of JZT° n T ~ Th ,' COm P° und ( p i8 246) are the most important 
of the organs of special sense. Each compound eye of the cockroach 
is composed of about 2000 hexagonal facets bounded externally by a 
transparent cuticle, the cornea. Each face, ma.ks a single slender 
. visual uni, called ommat.dium. An ommatidium consists of , the 
corn ea facct extern.!, y, 2. a pair of C ornea*e„ ce//s which secrete £ 
lens 3. a crystalline cone of four conical cells, 4. distal pigment 

rhabdom 6 basT"'’ * '“I ™' 0 ° f ci « ht cells f°™ing a central 

«// Th • P !f mCm Ce " S ar ° Und ,hC re,inula and 7 - a tapetum 
cell The inner ends of the retinula ceils are connected ,0 nerve 

S isfbS Eh ° P “ C ~~ * 

no„n/ he f °™ a,i0n 0f an ima 8 e (Fig. 247) by such a complicated com- 
pound eyes is by two methods. When the cockroach is in s,ron E fieht 

Trrir nds an t, iso,a,es cach ■■■““«■■ ^ 

the r dnulI r ° m A a Z ™ ° f **.'**!* h f ° cuss ' d b * conical lens on 
of „n k r image is thus formed, light from different areas 

an apposVi “ iT™ ° mma,idia Thh i™ge is also called 

image is thus formed on the re.inulae of the ommatidia ThU 
S tl ? eaPPOSi "° n image ’ bu ‘ £nab,es vision even in poor fight 

^e^z^fSe adap,ed for detec,ing 
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perhaps .he best developed of all in the cockroach. 

crystal cone crystal cell ~\> 
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The sexes are separate. The reproductive 
. d external structures. The internal reproductive 
pair of ovaries (Fig. 248). Each ovary is com- 
• o,i tubules, which are full of ova in various 
Tin' tubules are attached together anteriorly and 
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posteriorly in a bundle but arc in iu .he middle. The ovaries communi- 
cate with a short median uteri,' 'ey a pair of oviducts. The uterus opens 
ir.to the genital pouch by the vvh ; in the eighth abdominal segment. 1 n 
due. of much branched colleterial glands opens inio the uterus, 
small spermatheca receives the sperms from the male during copulation. 
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The external reproductive organs of the female belong to the seventh, 
eighth, and ninth abdominal segments. These are modified : the eighth 
and ninth being tucked under the seventh which completely conceals them. 


A pouch-like space is thus enclosed : this is the genital pouch. 
The tip of the abdomen of the male is received in this cavity during copu- 
lation. The uterus opens into it anteriorly. The spermatheca also opens 


/ 
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into this pouch. The paired gonapophyses, which are the modified 
appendages of the eighth and ninth abdominal segments, are lodged in the 
genital pouch. These two form a forceps used in grasping the egg 
capsule. 

The internal male reproductive organs consist of a pair of testes in 
the fifth and sixth abdominal segments. The sperm ducts run backward 
to the seventh segment to open into the large mushroom-shaped 
glands The mushroom-shaped glands comprise the two seminal 
vesicles, with projections filled with the sperm. The vesicles unite behind 
into a muscular ejaculatory duct opening to the outside. A cong- 
lobate gland lies below the ejaculatory duct. The external organs consist 
of a complicated set of plates and hooks. 



21$. /*. ' 'i •» < i. Tlo reproductive organs of tho femnle in 

' i 

The testes ar fvnci'u.na! only in the young male cockroach but are 
reduced in the uilid The i ?i.>hroom-shaped organ takes on the work of 
supphing tl».* \pcni? and is •>, n mistaken for the testes. 

Nutrition - The cojUn ich is truly omnivorous. It is extremely fond 
..fal* sorts of hi. eh- ;, retuje. it often chews off the starchy sizing of paper, 
book-binding, cW-.h. ie ‘.'cjmg babies arc frequently attacked by cock- 
roaches, which ca» awav * :« :c< s of vkin or the tender hairs on the head, eye 
brows, etc. The f.-»d ciuer. olf into convenient morsels and chewed into 
a pulp by the mandibles and maxil’cc. Copious flow of saliva lubricates the 
morsel and aids digenmn. i he chewed mass is swallowed and stored up in 
the crop till the feeding is over and to be digested at leisure. The digestive 
fluids from the midgut ascend up into the crop where the digestion com- 
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mcnccs. The digested food is absorbed in the midgut. The saliva digests 
carbohydrates. The glucose that results is absorbed in the crop. The 
gizzard acts both as triturator and strainer. The hepatic caccae secrete a 
fluid which digests fats and proteids. 
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Fit*. 24 'J. Pci i/tlondu aiHtrirana. Tl.o reproductive* organ* of 1I10 lualo in 
In tern I view. 


Development.— (Figs. 250, 251). The ovum is fertilized within the uterus. 
It is covered by a thick outer chitinous chorion. Sixteen eggs arc packed 
together into a horny handbag-shaped egg ease or ootheca. The oothcca 
is carried in the genital pouch of the mother for several days. She conceals 
it under some crack or in some warm dark cavity. 

The egg is rich in yolk, which is concentrated in the centre. The egg 
cytoplasm itself occupies the periphery (Fig 250). Such an egg is called 
centroleci that. The zygote nucleus is located in the middle of the yolk 
and is connected by protoplasmic threads to the peripheral cytoplasm. 

The zygote nucleus undergoes segmentation and most of the daughter 
nuclei migrate to the surface protoplasm. The protoplasm divides into is many 
cells as there are nuclei. A blastoderm (Fig. 250) is thus formed around 
the yolk. The blastoderm cells on the concave side become thicker along a 
narrow band called the germ band (Fig. 250). The germ band gives rise 
to the future cockroach. The rest of the blastoderm is the outer embryonal 
envelope called serosa. Gastrulation (Fig. 250) is a very complicated process 
and has given rise to conflicting views. The cleavage nuc lei which remain 
behind in the yolk after the formation of the blastoderm represent the 


3^2 


INTRODUCTION TO ZOOLOGY 


primary endoderm (Fig. 250). Gastrulation however .s not completed 
at this stage. A median longitudinal groove appears in the germ band. He 
edges of the groove form the lateral plate, which becomes the ectoderm. 
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IhoracK- i t ,*.r^ 

I t- Is 




j .11. > 01 . 1 - d- \vl-*|ni.* m of nil ins*-rt. A D. Su«-cfw»ive in ,I,e 

V.-.vir • mid *.1*111 Hi- "i i!*.* !*ln*i**d*M in all*! term l*nnd. K-H. longitudinal scclionF. 

I r • ' • *i*<i 1 »’ i* a ..f ili* ,* 11l1ry1m.il nnvH**pc« on tho superficial germ 

1 , !•*. |i. c ii,* .liM.-r.Miii.il ion ..f ili« iw-wtlorin find endodorm, formation ot 
vi-i ii I •ii-rvo -.r*l .ill*! 1I1 • !‘1 «iim».I:m.miii» mill llw* priM*l«Mlnt-iin». I-L. ventral view to 
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The iloor giv.< ri:.c lo th middle plate destined to form the internal 
organs. 1 he tndoderm iorm> the midgut. The ectoderm becomes invagi- 
miu.i into stomodaeum and proem lacum. The midgut gradually grows over 
and encloses the yoik within » iic head is first segmented off from the 
thorax later the thorax ?; d tht rest of the body become segmented 
(Fig. 250}. »:aeh segment bear> a pair of sac-like evaginations, which are the 
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amniotic cavity 


Fi« 2M. Successive stages of (lie formation of the einbroyiml envelop**, 
amnion nnd serosa mid different kinds of blaetokinetic movement*. yFiun- Hermann 
Weber : Vundri** der Insekienkunde, Gustav Fischer, Jena). 
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rudiments of the appendages. The nervous system arises as ectodermal’’ 
invaginatbn. After the germ band is differentiated from the serosa another 
embryonal envelop called amnion (Fig. 251) is formed within the serosa. 
The embryo sinks within the yolk, makes a complete turn, so that 
the serosa grows over and becomes double-layered. The inner layer is the 
amnion and the outer is the serosa. These movements constitute bias - . 
tokinesis (Fig. 251), which serve to expose a fresh surface of the yolk to 
the embryo. 

The young cockroach hatches with nearly all the adult characters 
(Fig. 252). The gonads and the wings arc undeveloped. The freshly hatched 
cockroach is called a nymph. The nymph grows and moults several times 
before it finally becomes the adult. 

Natural enemies.— The cockroach has numerous enemies from Proto- 
zoa to Chordata. .Entamoeba bla'lae, Qr*g irina blattidarum ) several Ciliata, 
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rmatodes like Oxyuris , mites, insects like Evania are parasitic on 
: cockroach. Cockroaches are also attacked by birds, lizards and 
aer animals. 

Economic importance.— Cockroaches spoil and contaminate food, 
hey destroy binding^TEooks, paper, etc. In several countries cockroaches 
•e eaten or prepared into “ tea *' and drunk. Cockroach tea is believed in 
;hina to cure certain diseases. 


# RF.9DME 

I. Insecta 

1. The insects are the most successful and dominant of all animals. They 
nr exceed in number all other animals combined togother. 

2. Inserts nro Artbropoda with the body segments specialized into bend, 
borax and abdomen. They have only ono pair of antennae and throe pairs of 

legs. Many have one or two pairs of wings. Respiration is by means of trachea. 

3. Insects nro divided into thirty-four orders on the bonis of differences in 
wings, moutbparts, metamorphosis, ote. 

II. The Cockraoch 

4. The cockroach belongs to tbo order Rlattaris. Tho Blnttnrin nro an 
ancient group of insects widely distributed all over the world. 

6. The common domestic cockroaches are Peri planria amerieana, P. aurtralasiae, 
P. brunnea, Walla oriental in and Phyl'odromia germanica. 

0. The exoskeleton of tho cockroach comprises several pinto* movably 
articulated to permit movements. 

7. The appendages of the head comprise the pi.ircd antennae and the 
1 moutbparts. Tbo moutbparts includo tbo mandibles, tho maxillae, tho labium 

and tbo hypophurynx, bounded in front by the Inbrum. 

8 Tbo legs and wings coinposo the appendages of tho thorax. Except tbo 
anal esrei the abdomen lacks nppondugos. 

0. Tbo alimentary canal consists of a foregut, roidgut and hindgut. Tbo 
•foregut includes n proventriculus for grinding tho food. 

10. Malpighian tubules are tbo excretory organs. 

11. Tbo circulatory system is poorly developed and comprises the dorsal heart 
ami blood* body-space. 

12. Tbo respirotory system consists of much branchod tubules that open to the 
outside by tbo spiracles. Air circulates in these tubulos and roaches ull parts of 
tho body. 

13. Tho nervous system is constructed on tho same plan ns in tbo 
earthworm. The sonse organs includo the compound eyo. 

14. Tbo soxos arc separate. Tbo roproductivo organs consist of the testes and 
ovaries. 

16. Tbo ova are centrolecithal and undorgo superficial segmentation. A 
complicated gastrulnlion is followed by organ differentiation. A young nymph 
hatches from the egg and gradually reaches maturity. 


CHAPTER XV 

OTHER INSECTS 




The cockroach, which was described in the last chapter, is £ type 
of generalized insect. Other insects are specialized fpr different 
modes of lives. In many the antennae are reduced and short as in 
the housefly (Fig. 275) or plumed as in some gnats and moths. 
The mouthparts are modified for piercing or punccurmg skins 
and sucking liquids (Fig 259), as in bedbug (Fig. 258) and mosquitoes. 
Some never feed at all in the adult stage. The legs are adapted for 
jumping as in the grasshopper, for digging as in the mole cncket or 
swimming as in waterbugs. The wings are greatly modified : in the 
beetles the fore wings are hardened as elytra and are useless in fligh , 
in flies the hind wings are reduced to knobbed hal teres. In butterflies 
the wings arc covered by scales (Fig. 268 b ) that give the beauty and, 
colour to these insects. Several other insects are devoid of wings, e. 
the bedbug, head and body lice (Fig. 257), rat flea (Fig. 231), etc. Many 
can produce sounds and have ckrs on legs or on the abdomen. The 
fireflies produce light. In addition to the usual method of reproduction 
after fertilization, many insects reproduce parthenogenetically (1. <■ 
unfertilized eggs develop) or paedogenetically (larvae reproduce without 
fertilization). Some wasps exhibit polyembryony : a single zygote 
divides into 100 or more embryos, each of which becomes an adult. 
Insects parasitize other insects; many parasitic insects arc themselves 
parasitized by hyperparasites. From the stand-point of man, insects 
can be broadly grouped as 1. neutral, 2. beneficial, 3. useful and 4. harmful. 

1 The majority of insects arc of no importance to us. They 
do not cause any damage to crops or otherwise harm man. Their 
activities do not also benefit us. These arc of neutral value. 

2. Beneficial insects are enemies of those insects which are injurious to 
man. Insect parasites and predators destroy large numbers of pests of 
crops or of domestic animals and of man The praying mantis (Fig. 231) and 
dragonflies (Fig. 233) hunt flies and mosquitoes and thus do considerable I 

go°d. 

3. Useful insects supply us with food, clothing, medicines or other 
products. Honey, silk, lac, cantharidin are valuable products obtained | 
from insects. Some insects like termites, grasshoppers, beetle grubs aw, 
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also eaten in several countries. Others like Drosophila have helped men 
in understanding the complicated laws of heredity ; they are used in 
scientific investigations. 

4. Harmful insects destroy our crops, spoil stored food, clothing, 
furniture, books and other products. They bite and suck the blood of man 
or of his domestic animals. They act as intermediate hosts for 
pathogenic agents like the malarial parasite, plague germ, etc. Most 
epidemic diseases are insect-borne. Several of them also attack useful 
and beneficial insects. In short, they interfere with some desired object 
of man. If the damage caused by them becomes considerable and causes 
heavy monetary loss, they become pests. Locusts and mosquitoes 
arc for example two notorious world pests, ..which have caused more 
famines and loss of lives than any other cause. 

• APTERYGOTA 
Order thysanura 
Silverfish 

Lepisma saccharira, the common "silverfish” is one of the household 
insects (Fig. 253). It is a glistening silvery-white, fish-shaped insect, with 
long antennae, three caudal appendages, biting mouthparts and covered by 
scales. Though devoid of wings, it is not. a primitive insect: in many 
respects it ccmcs close to the higher insects. It is abundant in warm 
moist places among books, pictures, papers, clothes, etc. When exposed to 
strong light or otfeiwise disturbed, it runs very rapidly to a place of 
concealment. The silverfish feeds on starch, dry food stuffs containing 
starch, glue and paste used in book-binding, starched clothing, paper, etc. 

PTERYGOTA - 
Order^sALTATOHiA.^ 

Locust 

Locusts are grasshoppers. Most grasshoppers arc solitary and resident 
insects but locusts are grasshoppers that become gregarious and migrate 
in swarms. Grasshoppers occur all over the world. * They feed on 
practically any leafy vegetation. They have long slender bodies, biting 
and chewing mouthparts and powerful hindlegs adapted for jumping. 
The males produce sound by stridulation or rubbing of one part against 
another. 

There are many locusts but Schiostocerc'i Q'egaria , the desert 
locust, and Locusta migraloria , the migratory locust, have been known 
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from time immemorial. They are the most destructive of all insects. The v 
desert locust is distributed in tropical Africa, N. Africa, Arabia, 
Palestine, Persia, Afghanistan, Pakistan and North-west India. It is 
permanently resident in desert areas and when conditions are favourable, 
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reproduces enormously and passes into the gregarious phase at periodical 
intervals. There is then a swarm that migrates to other areas, devouring 
every thing green and laying waste thousands of square miles. The 
migratory locust occurs practically all over the Old World. 

Grasshoppers and locusts lay eggs underground by drilling a hole 
by the abdomen. The eggs are elongate and enclosed in a cementing 
secretion that hardens to produce an egg-packet. The young nymphs 
resemble the adults generally except in size, and develop gradually, moulting 
four or five times. Metamorphosis is gradual. Some locusts pass through * 
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rc«ular cycles of solitary, gregarious and migratory phases, so that locust 
swarms appear at regular intervals. Others are irregular. The laws 
that govern the swarming are not still clearly understood. It is not 
food that urges them but some other deep-rooted cause. Locusts do 
not recognize political borders but migrate freely from one country to 
another. An international organization of entomologists studies locusts in 
their breeding grounds an 1 issues warnings of an impending swarm. 

Cricket 

Crickets (Fig. 255) differ from grasshoppers and locusts in having long 
antennae and elongate ovipositor. The tympanum is located on the fore tibia. 
Like grasshoppers, ciickcts can also jump and have strong hindlegs. 
They love warmth and hide in holes undergour.d, in cracks ar.d crevices, 
behind boxes and books, in chimneys, ovens and similar situations in 
kitchens and bakeries. During warm weather they usually live outside 
I 'in come indoors in winter. 

Ciivkct s produce the familiar monotonous intensely shrill chirping at 
; idu. The round is extremely difficult to locate. The song of the 
c;id c- i : produced by rubbing together the outer pair of wings which 
hear special structures. Only the males can sing. Crickets are very elusive 

and diMwult to locate. 

Crickets are truly omnivorous and frequently damage woollen, 
silken and cotton clothing, paper, fruits, vegetables and other food materials. 

, Ik y abo nibble oil pieces of skin or hair from sleeping babies at night and 
..1 . ien c burring 'tmation. Seme, like the mole-crickets, burrow 

is:-. 1 - *1 »r.d h. ve the fore legs specially adapted for digging. The 

\iwiv • t an 1 '\w V .. with a tooth in front at the base, tibrac are short, 


*•. • 


•oihcd a »* h** tarsi short and dentate. 

Order isoprtKA 


Termite 

Tot mi;* are small o!;-NvlicJ, mostly subterranean, social insects. 
Because they ii\« i:\ »• ,:v! darkness, they are pale (hence the popular 
misnomer whiu-ants ; • »!u*n blind. Mouthparts arc for biting and 

chewing ; the mandib'i-' .* • quently enormous. The two pairs of wings 

arc similar and arc .V • m, the body when at repose. Termites 

arc polymorphic and i- . du v.; tes of queens, males, winged and short- 
winged forms, soldiers : wo-kers, which differ very much in shape, 
size and structure. The : r.i! . . i queen termite is a wingless grub-like . v 
form (Fig. 256) that is merely .» bag of eggs. She is quite helpless 
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aiul her only function is laying eggs. She lives on for as many as lificcn 
years and produces over one million eggs. The termite is ihc most 



Kl«». 2.»o. Tin* common houw cricket haa strong liiml logs mi. I 1 « •• 

l'riiNH||op|H i r can jump. It hides under Moncs anil liol©» in the pantry and ••'■*»•••* 1’ 

milked the familiar chirping noise, tin; hlcmleij sounds of which rise uml 1 .«* u-ii 

rhythm. 

prolific of all insects. Immediately after the first rains, immense numbers ol 
winged males and females emerge from their subterranean burrows in 
great swarms and fly to light at night. This is the great nuptial flight 
of termites. Thousands are devoured by lizards, birds, ants, etc. Soon 
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they shed their wings, copulate and retire to a safe place to found a new 
colony. 

Termites devour everything and cover them with mud cemented 
with saliva. They are very destructive to timber and other woodwork, 
books, clothes, etc. They are able to digest cellulose and convert it 
into sugar with the help of symbiotic Protozoa which live in their 
intestine. They also culture fungi. 



l'JG. -."VO. Termites. A. TIi - queen without tlio wings after the nuptial. 
B. Wingless storilo worker .llnu y liners food, cures for the young, builds mounds and 
does all work of the colony, f. The mature queen merely a swollen abdomen 
nothing that is hut 1. mass of -Vg-s her only task in life is to lay eggs. D. Tho 
winged virgin queen betorc her mini ini. 

Some of them build enormous mounds of earth above ground. These 
mounds change the landscape and form conspicuous land marKS in the 
tropics. 

The termitoria or the termite “ hills ” of some species are so 
gigantic that the inhabitants cf the Belgian Congo clear them of the 
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«hi«vfL a h d h Se l A em 35 dWellingS f0r ,hemscIves - They arc frequently 
thirty feet high and strong enough to resist tropical weather. 

The life-history is extremely complicated and is not fully understood 
ye, >n several cases. Several insects like flies, crickets, etc. live as guests ^ 
the nests of termites and are called termitophi/ous insects. 

Order anoplura 

The Anoplura include the minute, flat, wingless lice, which are 
ectoparasites of mammals, with reduced or obsolete eyes and sucking 
inouthparts. The tarsi have only one segment, which is modified for holding 
on to the hairs (Fig. : J7 ). They thrive on people living in unclean and 
over-crowded environment. There are three lice which attack man and 
suck his blood : i. Pcdxculu s humanue capitis the head-louse, 2. /', humanus 
n th mentor uin the body-louse, and 3. Phthirins pubis the crab-louse 

The head-louse occurs all over the world and is an ectoparasite 
on the head of man I, is white, brown or black. The female is about two 
millimetres and the male r.j mm. long. The legs are adapted for clinging 
,0 hairs. The eggs are attached ,0 the hairs by a collar-like cementing 
material. The eggs incubate for about a week ard the young louse 
gradually reaches maturity. It is more frequent in women than in men. 

The body-louse resembles the head-louse but has longer antennae 
It lives on the neck, throat and trunk and clings to the clothing next ,0 
the skin, e. g. underwears. It attacks old and emaciated persons. The 
eggs arc also laid on the clothing or on the body hairs. 

The head and body-lice arc of importance no’, only from the stand- 
point of cleanliness and of comfort, but also because they act as vectors 
lor fatal diseases. The punctures made by the lice set up severe irritation 
which leads ,0 violent scratching. The lice transmit the germs : liicketlsia 
procaztti of typhus, R. qxnnlanae of trench fever and Spxrochada recurnntis 
of recurrent fever. 

The crab-louse is smaller than the head or body-lice and resembles 
a „ny crab in general appearance. It is also called pubic-louse, because it is 
usually found in the pubic region. When numerous, i, ascends up ,0 
■he arm p„ It never occurs on the head. I,s legs are large, the hindlegs 
being armed with powerful claws for clinging ,0 the hair. It adheres 
close ,0 the skin imbeds its mouthparts and remains feeding in one 
place for several days. It sets up intense irritation, especially a, nigh,. 

It is not known to transmit any disease. 




INTRODUCTION TO ZOOLOGY 


I-m. 237. Human In 
B. I'hfh’ riits pubis (he pubic I- 
their legs adapted for clinging i 






OTHER INSECTS 


395 


Order heteropter* f ^ tO. J 

Bedbug 

The common bedbug has been known from time immemorial. It 
is widely distributed all over the world. It is the most annoying of the 
household pests which attack man. It is found in old buildings, hotels, 
railway carriages, old fashioned street cars and almost anywhere else. 

The bedbug belongs to the order Hemipteia and possesses piercing 
and sucking mouthparts. Cimex leclularis is common in America, 
Africa, Europe, N. India, Siberia, N. China and Australia. C. hemipterus 
(formerly called C. rotunda! u*) occurs throughout India, Burma, Malaya, 
S. China and central Africa. Other closely related species of Cimex 
are ectoparasites of bats. 



BED BUG 


Fio. 258. Class Inaocta. Order Hetoroptora. The bedbug in a Io.iIIi.mhiu' 
octopurasito that sucks blood of man. All his cousins suck the blood of bats. 

Structure — Bedbugs are oval, flat, reddish-brown, wingless insects, 
possessing a peculiar stinking odour. The short and broad head bears 
a pair of four-jointed antennae and prominent compound eyes. The 
mouthparts are modified for piercing the skin and sucking the blood. 
A rostrum or beak encloses the needle-shaped stylets which pierce the 
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skin. The rostrum is a hollow sheath composed of the labium, elongated and 
modified into a tube. The cibarium is modified into a sucking pump. 
The mandibles are elongated into nee’dle-shapcd stylets, barbed apically to 
aid in making a puncture. The maxillae are also elongated into 
two tubes, a large one through which the blood is sucked up and narrow one 
down which the saliva flows. The bug places the tip of the rostrum 
on a suitable spot on the skin, the mandibular stylets make a punture 
and the maxillary stylets are thrust into the wound. The saliva then 
flows into the wound and prevents the clotting of the blood. The mixture of 
blood and saliva is then sucked up by the expansion of the cibarium. 
The roof of the cibarium is raised by the dilator muscles, thus enlarging the 
cavity. The blood rushes up into the increased space and passes into 
the oesophagus. 



Yin. 259. The hend of a Im. . 
nix, maxillary stylet, ,W rostrum. ..7. 


- !)••• mouthpnrts. wd. mandibular stylet, 
inp sty lots outside the head. 


Life-hislory . ! he elongate oval whitish eggs are already in an 

advanced state of developn-.ent when laid. They are provided with a 
cap-hke lid which is pushed oft’ by the young bug when hatching. 
Numerous eggs arc thrust in holes, cracks, crevices, under mattreses, 
in pillow corners and woodwork. A single female lays about 200 eggs. 
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at the rate of 2 or 3 a day. The eggs hatch in about a week. The 
young bug is called a nymph and has the same general appearance as 
mature bug but is paler and smaller. It is capable of living without 
food for severel weeks. Soon after hatching it however runs away to have its 
first blood meal If man is not ready at hand it will feed on the blood from 
the older bugs. It moults 5 times before becoming an adult 

Bugs can feed on rat, mouse or rabbit. Adults can survive starvation 
for six months. 

Behaviour- Bedbugs are nocturnal but often move about during 
the day. Starving bugs come cut openly even during the day time to 
feed. They also resort to cannibalism. Bugs are strongly attracted by 
warmth and body odour. They are capable of migrating from one house to 
another. If prevented access ,0 beds by water troughs or other barriers, 
they climb up the ceiling to drop down from there on the bed' They 
also quickly run away after biting a man. 

Natural enemies.- The bedbug seems to have few natural enemies. 
Common msect.vorous animals like the lizard do no, touch them, possibly 
because of the offensive buggy smell. I, is said that cockroaches frequently 
attack bedbugs. Other larger bugs like Reduvius persona',.* are also 
natural enem.es of the bedbug. , he Mediterranean countries the 
spider 1 hanato8 Jlavidus destroys bugs. 

Importance -Bedbugs are undoubtedly the most detestable of the 

Hansm / T™ °J maD ' B ''' bUgS haVC bcen show " 10 he capable of 
transm.tt.ng Lehman, a donavani, Spirochaeta recurrent and Bacillus leprae 

™L2 ,a "° n “ ' hC bUC C3USCS Sl " rleSSnCSS and contributes .0 

Order homoitira 

Lac Insect 

Of whlTfend^in 

::z: a B h rr s d o{ ,h r acds on banyan ’ 

( Zt; ,7‘ 7™ iUjUba aDd °' her P' anls - India. The 

J n 'Z o ! rreg n g ' 0b ° Se Wi ‘ h0Ut le 8 s or wings. The males are 

The Iar s h S ‘ a l P, ,i ° n " viv, P arous , sexual and par.henogene.ic. 
The lacs gathered by breaking off the incrustation from the twigs 

and melting rn bo.hng water. The product is shellac. A red dye , 

rs also obtained for dye.ng silk. Lac has been cultivated in India since * 

very early t.mes. In the Adiparva of the Mahabharata the Kauravas 
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are mentioned as - having built a house of lac, to burn away their 
enemies, the Pandavas. Shellac is used jin. the manufacture of toys, 
bangles, sealing wax, varnishes, insulating material, gramaphone records, 
l shoe blacking, etc.. Plastics have not succeeded in replacing shellac. 

The lac insect is. subject to the attack of several natural enemies, 
the most important .of which is the caterpillar of the moth Eublemma 

nmabUis , which devours the females. / - 

. . c 

* . Order HYMfeNOPTERA * ‘ 

• .... Ants 

The ants are the mi>st familiar insects. They are everywhere : 
from the frigid to the tropic zones, in the deserts, forests, fields, hills 
and in our homes. The ants outnumber as individuals all other animals. 
They have deservingly attracted the admiration of man by their industry and 



. . Flo. 201. Rain cloud* gather and uut* hurry into th< ir burrow s 

selfless devotion to the welfare of the colony. All ants are social 
insects, with a wonderfully developed caste system, comprising workers, 
soldiers, queens and males. There is very great polymorphism. Wings 
arc present in sexually mature forms but never in workers. The head 
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is large and has a relatively highly developed brain. Ants take care 
of all stages of their young, carry them, clean, protect and feed them. 

The winged males and females (queens) swarm and mate. The 
males die and the females break off their wings and burrow underground. 
The queen remains in solitary confinement in an underground chamber 
and starts egg laying. The first larvae that hatch out are fed and cared 
for by her till they become workers. These now go forth in search 
of food, enlarge the nest and take on all the multifarious duties of 
feeding the queen and the young ones, cleaning and guarding the nest and 
so on. The queen now docs nothing but lay eggs during all her life of fifteen 
years or jo. In seme ants a group of workers accompany a new queen 
to a fresh site for founding the colony and help her in her work. The 
nests arc located underground, in hollow stems, or inside webbed 
leaves (Fig. 262). 



h> _ . A: .11... . . r .*ir l.irvm* ns living *hutt 1 e-c«»rk» to spin nilken 

vlii, in I •• I !• ••■I >• .i;.. Intvis into 11 i*i*!*i. Ono net of workitH lioltl tl>o 

• .1 1 .* s t. 1 11ml . ii. r* • tiv :l.i* *nrv« fp*m edge t.* i*dgo. 

A.r - .ne •umiv. .»•. s They hunt all sorts of animals, which they 
•v. . iv.hcim ’*•> • nunKr- Other- gather seeds and fruits for food. 

The common ‘nr vesting :.r.t scatters the seeds of particular 

kind 01 gras- about their n:-t- during the monsoon, harvest the crop 
of grains in v'uc time ;ni m •, ihem up for future use as food. They 
strew the cha*' gre. : piles om-uk their nests. Some like the leaf-cutting 
ant, raise fungi upon v ,i..p «». y feed. They sally forth in large numbers, 
climb trees and cut ot* pic.e- of leaves. These pieces are dropped 
down to the ground, v ‘ - re a rei iy of workers pick and carry them off to the 
nest. The pieces are u ser, in j evial galleries and inoculated by the ants 
with the spores of a fungus, 1 he ;„r.gus which grows on the leaves forms 
the food of the ants. A number of them have domesticated phytophagous 


?\ • 
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quantities of honey. *. i^ica is smaller and has b«n domesuo«ed. A-fiore* ^ 
l ,he smallest bee and its combs are often 6xed m bushes. I. stores 

a small quantity of honey. ’ . ' .... 
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Honeybees live in permanent colonies comprising many individuals of 
three castes : the queen who alone lays eggs, the drones are males 
that fertilize the queen and thousands of workers who construct the 
hive, guard it, go out foraging for pollen and nectar from flowers, attend on 
the queens and young ones The workers are infertile females, which 
do not reproduce. The workers and queen have stings: the workers 
use the sting against any enemies. The queen never stings man; she 
uses the sting only in fighting with another queen. 



Fits. Tlu< l*f. .\. 

pushed out, in >i<lf view. !?•(*. 
Crundriss dcr Jnackh »/• , 


Worker, h sterile female. \'iili tlio moutlipnrlH 
utliparts. (.1 .»• li from Hermann Weber: 
I * '• her, Jci a). 


The mouthparts arc modified for gathering pollen and nectar. 
The mandibles are toothless and are used in working the wax into the 
walls for the cells of comb. The maxillae and labium are modified. 


The maxillary and labial palps form a sucking tube for the nectar. 
The sugars present in the nectar are acted on by enzymes in the stomach and 
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changed to dextrose and levulose. This liquid is regurgitated in 
a cell and further worked up in the mouth of bees that stay in it. The 
excess of water is evaporated by fanning with the wings. The final product 
is honey which is now sealed in the cell. When fresh, honey is colourless 
and contains about 17"., of water and 78",, sugars, with small amounts 
of minerals, enzymes, etc. 


F.«. 2*17. .-I/'*- •h>r*utu, tlnr t i mi wild rock lx*o, in flight. Note the pollen branli 

and k«*t on 1 In- hindlegs. 

1 he body of a bee is covered by branched or plumose hairs, that 
serve to brush off ihe pollen. The hairs on the hind legs are specially 
long and form the pollen brush. The hindtarsus is modified as a 
pollen basket. 'Ihe pollen is rolled into pollen balls with honey 
and saliva These arc used as bee.bread for feeding the young. 

Bees arc one of the most useful insects. In addition 10 supplying 
honey, which is a wholesome food, and the useful bees’ wax. the bees 
help man indirectly also. They pollinate flowers and thus increase the 
yield of fruits and other crops. 

Bees have numerous enemies : man, monkeys, bears, birds, ants 
and numerous other insects rob them of their store of honey. The wax-moth 
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caterpillar tunnels through the honey combs. They are also parasitized 
by numerous insects. Bees are subject to epidemic diseases. 

Order lepidoptefa 

Butterfly 

The Lepidoptera, which comprise the butterflies and moths, are 
large insects with two pairs of wings. The body and wings are covered by 
minute scales (Fig. 268 b) which form colour patterns. Mouthparts 


antenna 



max. paif. 


proboscis 



B 


Kin. 2(W. A. il.i.l of 1 ii«< I >tii torll v in front view, with tho pro hose in pnrlly 
unrolled. (From II- *•»,«.*.*> : UrmnlrlsMflrr ImtcL’IrnL’iniilr, fins Ini’ hischfr, ./«nn). 

B. A s«*mIo from l ho winj* •»! a h-.it trrlly. 


(Fig.268 a) arc modified into n proboscis, adapted for sipping liquids and 
coiled under the head when not in use. The mandibles are obsolete. Develop- 
ment includes great metamorphosis with a resting stage. There are thousands 
of species of butterflies. liamm* chrysippus or milkweed butterfly. 


OTHER INSECTS 


4 <>? 

is very common all over India and extends to Arabia, S. Europe, China, 
Malaya and East Indies. It loves sunshine and open fields and gardens full 
of flowers, which it visits for nectar ( See Frontispiece). 

All butterflies pass through 1. egg, 2. larval, 3 pupal and 4. imaginal 
stages in their life-history (pi. iii). The females of Danaus butterfly 
lay cylindrical cream-coloured eggs on the leaves of the common milk- 
weeds like Calotrojns , Daernia , etc. The incubation or the embryonic 
development is completed in three or four days. A butterfly does not 
hatch from these eggs, but a small worm-like larva or caterpillar 
comes out. It is about 2 mm long and pale yellow, has three jointed 
legs, behind the head and five leg-like fleshy stumps called prolegs 
on the abdomen. It devours the empty egg-shell out of which it 
has come and then proceeds to feed on the leaf. It has well developed 
mandibles, with which it bites and chews pieces of leaf. It steadily growls 
and when it is 5 mm long it moults or casts off the skin. After the 
first moult, the caterpillar rapidly gains in size and after a few days moults a 
second time. After four moults the caterpillar is full grown, banded 
yellow and black, with three pairs of reddish fleshy filaments on the back. 

It now ceases feeding and wanders about in search of a suitable place to 
rest. It forms a thin silken pad on the under surface of a leaf or a branch. 
It hangs head downwards from this pad by the last pair of prolcgs. 
The next day it moults for the last time and an oval, shiny, waxy-white 
pupa results. It is ornamented with beautiful golden spots. There is no 
trace of legs, mouth or any indication of life. This is a “ resting ” 
stage, during which profound changes are taking place inside. Some of the 
larval organs disappear and adult organs like the wings, proboscis, etc. develop. 
After about a week the apparently lifeless pupa bursts and the gorgaous butter- 
fly emerges. First its wings arc soft and crumpled and the butterfly hangs 
with the wings down. Soon the wings expand and harden and an hour later 
the butterfly flies off to sip nectar from flowers. The whole life-cycle 
occupies about a month. The butterfly undergoes complete metamorphosis : 
the young is wholly unlike the adult. The development of the butterfly is 
thus different from that of the cockroach. Butterflies are holometabolic 
insects or insects which undergo complete metamorphosis. The cockroach 
undergoes incomplete metamorphosis and is therefore a heterometabola. 

Butterflies cannot feed on solid food. They visit flowers and sip the 
sweet nectar from them. While doing so, they accidentally pollinate 
the flowers also. Apart from being wonderful objects of exquisite colour and 
beauty, they do considerable good by effecting cross-pollination of flowers. 
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Silk moth 

Most moths differ from butterflies in having stout bodies, branched or 
plumed antennae, nocturnal habits and in other characters. Their life- 
histories are however essentially similar to those of the butterfly. Many 
of them spin a case or cocoon of silken threads in which they pupate. The 
silk is the hardened saliva of the caterpillar. 



Fit:. 200. ihe mulborry wlk molli. I.ifo-liislory. 


There arc many silk-producing moths but Bombyr mnri or the mul- 
berry silk moth has been domesticated for several centuries. The Chinese 
were the first 10 discover the manufacture of silk, which was kept a closely 
guarded secret. Some monks smuggled the secret out of China. Even 
to this day China and Japan arc the only countries where sericulture 
or silk growing is extensively practised. 

The female moth lays about 400 eggs. The caterpillar eats the 
mulberry leaves and when fullgrown spins the cocoons, taking three days to 
complete. Then it pupates inside. The adult is not allowed to emerge, 
because the moth secretes an alkaline liquid to soften the silk at one end 
of the cocoon to make an exit. This breaks the silken threads into small 
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hits. The cocoons arc therefore plunged 
pupa and also facilitates unwinding of rhe 


into hot water, which kills the 
threads. A few cocoons are 
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preserved as “ seed ” for the next crop. About 25.00° «*oons yield a pound 
of silk. The “silk worm” is subject to a serious and fatal disease called 
pebrine, which is transmitted through eggs from a parent. It is also 
attacked by insect parasites. 

Order diptera 


Mosquito 

Mosquitoes are small soft-bodied insects with only one pair of wings : 
the hind pair is reduced to knobbed stalks called hal teres or balancers. 
The body and wings are sparsely covered by scales. The antennae are 
slender and long and in the male clothed with long hairs. The mouthparts 
are modified into a long piercing and sucking proboscis (Figs. 271, 274). 

Mosquitoes are common in damp, moist or marshy localities and arc 
specially abundant in the tropics. They lay eggs in water and their larvae 
and pupae are aquatic. 

Mosquitoes belong to the family Culicidae. There are two classes of 
mosquitoes: 1. Culicine and 2 Anopheline. The anopheline mosquitoes 
are also called “ malaria ” mosquitoes. They are distinguished from the 
culicine forms by 1. their spotted wings, 2. the elongated palpi of the 
female nearly as long as the proboscis, 3. the last two segments of the palpi 
are swollen in the male and 4. anopheline mosquitoes “ sit ” slanting, with 
the head closer to the surface than the tip of abdomen, while the culicine 
mosquitoes icit with the bedy parallel to the surface. 

COMPARISON BETWEEN CULICINE AND ANOPHELINE MOSQUITOES 


Culicine 

1. Eggs are placed vertically on the 

surface of water to form egg rafts. 

2. Larvae are bottom feeders. 

3. Larvae hang from the water surface 

head downwards at an angle. 

4. Larva without branched hairs. 

5. Larva has a respiratory tube on 

the 8th segment. 

6. Palpi of adult female shorter than 

proboscis. 

7. Palpi of male long and pointed. 

8. Wings generally not spotted. 


Anopheline 

Fggs are laid singly on the surface 
and each provided with a float. 

Larvae are surface feeders. 

Larvae rest with the body parallel 
10 the water surface. 

Larva suspended from the surface 
film by branched hairs. 

Larva has a respiratory pore 
dorsally on the 8th segment. 

Palpi of adult female as long as 
or longer than proboscis. 

Palpi of male clubbed at the tip. 

Wings generally spotted with 
scales. 
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9. Adult rests with the body parallel to 
ihc surface. 


Adult rests with the body at an 
angle to the surface. 



].’>,• >7’. Contrast Iviween tlm nn-iplielSno and culicinn mosquito***- 

..noplflino osii* arc aimplo A ** " ••»»- ^ of theater. the 

anopliolina larva C. floats hor„.mt.,lly j.ist iM.noath tho surfaco of the w. , 

oulioino li.ru. O- Wine* <«.•• ti,. ..f .Ik. Kipl.-». to .1.0 •urfit™. ' »"<* * , dll |t 
down wnnls inelinod »•' ■* < !"'!> l - F - Annphe |os pupa. U. 

anopheles. H Tl'f* ndnlt eulex. 
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The common ants of India include the red ant Formica , the large 'Y 
.rpentcr ant Campopotu * and the harvesting ant Ilolcomyrmex. The ^ 
pinning Oecopkylla is a formidable species. It webs the leaves especially 
of mango trees, into a nest. The larvae secrete the silken thread 



Flo zfU. Aids <lon p«ticn»c*«l nnimnls nr«l nluo >l'ovn| 1 ijrli <lrcr> c « I pun-inn’ 
enn- Ion# before i here wn* onv mnn on t !»•> «*nrll». Her* nn «"t i* hIh wn extruding ilio 
stt'i-i honey- «low from nn nphM or "nnt row" ilmt it Inis •Imiimtirn t< «l. Another nut 
in i-.. rrying an ant larva. l.Adop'ed and wed fied from VoHi'^-Ba/CN an). 

A batch of workers bring the edpes of leaves together while another 
batch hold the larvae in their mouth (Fig. 262) and move them back 
■and forth, expertly using them as a sort of living thread ball. 

Ants keep many pets. Several insects like beetles, crickets, wasps, 
flies, etc., are myrmecophilous and habitually inhabit the nests of ants. 
A small^mosquito Harpogomyia waits for an ant. When one comes near, 
the mosquito imprisons the ant between its legs. The ant opens its jaws 
and gives out a drop of food for the mosquito 

Honeybee 

Honeybees are social insects. They build hives of wax combs 
and store up honey, "they" have been domesticated by man since long. 
The domesticated species in Europe and America is Apis nullified. In 
India there are three species : 1. Apis doreata the rock bee, 2. Apis indict 1 
the Indian bee and 3. Apis florta the little bee. A. dorsal a is wild, 
and constructs huge combs on overhanging rocks and inaccessible part^ 
of buildings or on trees. It is the largest bee and stores considerable* 
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Ant* «b*-n |.*e.y bi-l'.»rc in;»n. Cowbu^s (Mombraeida) 

-jii-o cared f«»r by aiUs and -'Vs in r--«urii a »uv«*l lioiicydew to llicir masters. 

their larvae 10 their own nests. The workers which emerge arc enslaved 
and made to do all the work for their masters, who indeed cannot even 
feed themselves. The slaves have to convev the food to them ! 


nsects like aphids, cow-bugs, etc. (Figs. 263, 264) which secrete a sweet 
lioncy-dcw highly prized by the ants. The aphids are protected by the ants, 

which drive -away the enemies of aphidsi The ants also carry the 

iphids from their nests to the plants to feed, bring them back after ‘‘grazing”, 
;ollect and store their eggs ! The aphids are so completely dependent 
upon the ants that they cannot live without them. Some species of ants 

keep slaves. They raid the nests of other kinds of ants and carry off 
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various animals. The males are entirely harmless and incapable of sucking 
blood. 

The mouthparts (Figs. 271, 274) comprise an elongated proboscis 
which is the modified labium. The labium is elongated into a half tube 
and contains the long needle-shaped labrum, mandibles, maxillae and 
hypoyharynx, the six piercing stylets. The palpi are used as tactile 
organs. The skin is punctured by the stylets, which are thrust into 
the puncture. The saliva is injected from the hypopharynx. The mixture of 
saliva and blood is sucked up by the tube formed by the labrum and labium. 



The mosquito (Fig. 273) lays eggs in water : culex eggs form rafts, 
with the egg vertical, the anopheles eggs float horizontally. The young 
larva hatches in about 2-3 days. The larva has no legs. The anopheles 
larva lies horizontally just beneath the surface of water. The culex 
larva hangs head downwards, with the respiratory tube touching surface 
of water. In about a fortnight the larvae are fully grown and pupate. 
The pupa is provided with two small breathing tubes. The adult emerges in 
two or three days. 
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Mosquitoes not only cause annoyance and pa.n by biting and sucking 
,d but also transmit .many diseases. Mosquito-borne d.scases of man 
ude i. malaria, 2. dengue, 3 - Al^sis, and + fever ' 

.aria is transmitted by anopheline mosquitoes. The follow, ng species 
important malaria carriers: Anopheles culieifae.cs, A. fluv.al.ls, A. 

1 imvsy A. atephensi and A. sundatcu*. 

Culex fatigans and other culicine mosquitoes transmit filanasis. 

How fever dees not occur in India, but the carrier mosquuo Adcs 

jypti is found in this country. 

Housefly 


Houseflies (Fig. 275) are cosmopolitan insects that flourish wherever 
lerc is roan, filth and unhygienic conditions. Next to ant they are the 



Fir.. 275. Musca n ebulo, the common housefly of 


are 


Houseflies 

only three 


differ from mosquitoes in having short antennae . there 
segments, the third segment is the largest and bears a 
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hair-like arista . Eyes are large. The mouthparts (Fig. 276) comprised 
a proboscis composed of labrum, hypopharynx and labium, supported 
by a membrane. The proboscis includes a rostrum at the base, a 
haustellum in the middle and a lobelia below. The labella is made 
of broad pads, which can be spread out on any moist surface. They 
arc not adapted for piercing or puncturing skins but for lapping liquids 
from moist surfaces. Houseflies cannot therefore “bite”. 



antenna 


sahvduct 

labrun 


premenlqm 
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ysahv.duct 
^ labrum 

prementqm 


■hypopharynx 
pseudotracheal channel 
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dral-apcrturp. 
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I .si In r. Jena). II. Moutliparfs tilted lc* *how 
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The eggs arc deposited in farm yard manure, cow dung, garbage, 
human faeces and other decomposing organic matter. The eggs arc small, 
cionpate and pearly-white. Each female lays about 500- 600 eggs. The eggs 
are already in an rdvar.ced state of development. In about 24 hours smal., 
slender, creamy-white headless and legless larvae called maggots hatch 
out. The maggots writhe and wriggle about among the debris on which 
they feed. In about a week they reach maturity. Then the maggots wriggle 
under »he soil to pupate. The pupae are dark-brown and smooth. In about 
tour or live days the adult flies emerge. Hundreds of generations develop 
in spring, summer and autumn but the number of flics diminish in winter, 
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Houseflies are very agile in their movements. They are also extremely 
pertinacious. They are attracted by warmth, dampness, and light. Odours 
from fruit, food material and any decomposing matter attract them power- 
fully. Though they breed in filth and feed on all sorts of substances, house- 
flies spend a considerable part of their time in toilet : they brush their 
wings, abdomen and eyes by the legs and lick the legs clean. 

The housefly has numerous enemies: spiders, insects, lizards and 
birds hunt flies systematically. It also suffers from diseases due to bacteria 
and fungi. Owing to the habit of passing directly from filth to human 
food, the housefly is a menace to public health. It transports bacteria 
and other pathogenic organisms to the food. It plays an important 
part in the dissemination of cholera, typhoid, dysentery, infantile 
diarrhoea, etc. 



TSE-TSE FLY 

Flo. 277. Gloasina palpalis. Fcninlo of the tse-tse fly transmits Try/ 
gambiente, the causal agent of the dreaded sleeping sickness from niiin t<* man »y 
means of its piorcing mouthparts. 

There are several species of houseflies : Musca dome slim is cosmopoli- 
tan ; M . vicina and M . nebulo (Fig. 275) are the common houseflies of India ; 
M. ja I font is also abundant in certain parts of India. Among the other muscoid 
flies may be listed : Gloasina the tse-tse fly (Fig. 277), Stomoxy* the stablefly, 
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Haematobia the hornfly and Gcuttrophilus the nose botfly. These ate — 
blood-sucking flies and are responsible for causing various diseases. 
Qlomn a transmits Trypanosoma of the sleeping-sickness. The nose botfly 
lays eggs on the lips of the horse- the larvae pass into the stomach and 
become fixed. 

Order siphonoptera 

Fleas 

Fleas (Fig. 275) are minute, compressed, hard-bodied, wingless, 
jumping insects, with piercing and sucking mouthparts. They are inter- 
mittent blood-sucking ectoparasites mostly on mammals like rats, squirrels, 
cats, dogs, and man. 

The eggs are scattered all over the place where the host lives, lhe 
worm-like larvae are non-parasitic, with biting mouthparts and develop on 
organic debris. When mature, they pupate in small cocoons. 


prove ntic ulus 


malpighian tubule 


anlenna — 
)har. dilator 
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Fi«. 278. Diagram of the organization of the rat flea in lateral view * (From 

mouthparts. the alimentary runal, the norvo cord and reproductive org 
Hermann Weber : Grundriss tier Inseklenkunde, Gustav F tscher, Jena). 

Fleas normally infest cats, rats and dogs but will readily attack man. 
Fleas cause intense irritation and pain by their bite. They transmit the 
bubonic plague from rat to rat or from rat to man. Endemic typhus is also 
transmitted by flea bite. The common fleas include 1. Pulex irritans the 
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human flea found on man, dog, cat, rat and poultry all over the world ; 
2. Xenopsylla chenpis the rat flea which transmits plague ; and 3. Ctenoce- 
phalides cat and dog fleas. 


# 

RESUME 

1. From the stand-point of man insects are either neutral, benoficinl, useful or 
injurious 

2. The vast majority of insects aro of noutral value.' The locusts, crickets, 
termites, lice, flies, mosquitoes and bugs are harmful. The lac insect, honcyboo 
and silk insect are useful. 

3. The injurious insects destroy our crops, spoil our food, clothing, 
furniture, otc , act as voctors for various diseases of man and his domestic animals or 
aro enemies of useful insects. 

4. Locusts are grasshoppers that periodically become grogariou9 and 
migrato in swarm9. They lay waste thousands of acres of crop. 

5. Termites aro subterranean sociul inscots with a complicated secular 
government ruled by the queen tormitc, guarded by soldiers and maintained by 
workers. 

6. Lice aro ectoparasites of man and other animals. They suck blood and 
transmit fatal diseases. 

7. The bedbug is a loathosomo blood-sucking parasite of man, found in old 
insanitary houses, prisons, hostels, railway carriages, otc. It is active mostly at 
night. 

8. The Inc insect has boon known from time immemorial. Lac is a resinous 
secretion of tho insect and is employed in the manufacture of vorious products 

0. Ants ure social insects that are found all over tho world. They aro 
rcmarkablo for their industry and high development of brain. They build 
roads, bridges und cities, cultivate plants, keep slices, domesticate animals and 
roar pests. 

10. Tho honey bees aro sociul inseots that build hives of wax, in which 
they storo honey and pollon. Thoy not only yield honoy and beos* wax but also 
incrcaso our crop by pollinating flowers. 

11. Butterflies undergo complete metamorphosis. Larvae that hatch from 
tho eggs feod, moult sevoral times, pupate und omergo as adults. 

12. Silk has been manufactured in China from very early times. It is 
produced by tho silk moth caterpillar that feods on mulberry leaves and spins a 
cocoon before pupating. 

13. Mosquitoes ore blood -sucking flies that breed in water. Thoy are of 
two kinds : unophelino and culicinc. Only tho females suck blood and the males 
are hurmless Anopholinrs transmit tnuluria ; tho culicinos transmit yellow 
fovor, elephantiasis and other diseases. 

14. Houseflios flourish in filth and garbago. They cannot suek blood but 
contaminate food and thus transmit cholera, dysentry, typhoid, etc 

15. Fleas aro minute jumping insects that breed in filth. Thoy Into and 
suck blood normally of rat, cut, dog, etc. Sometimes thoy attack man also. The 
rat flea is a vector of tho bubonic ploguo. 
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( Echinodermata. The Echinoderms (echinus^ spine, derma = skin), 
are wholly marine animals that have calcareous spines and plates in their 
body wall. They are superficially radially symmetrical. They possess a 
vascular system containing water. They include the starfishes, brittle stars, 
basket stars, sea urchins, cake urchins, sand dollars, sea cucumber, 
holothurians, sea lilies and feather stars 


Characters. — 

1. Multicellular, triploblnstic, marine with well developed coelom. No bond. 

2. Primarily bilaterally symmetrical but superficially radially symmetrical, 
often bearing pent amorous arms or rays. 

3. Exoskeleton of calcareous plates and spines. 

4. Alimentary canal complete, anus sometimes absent. 

5. Water vascular system that subserves locomotory and respiratory functions. 
Cueloin ciliated. 


G. Sexes separate. 

7. Development with metamorphosis. Larva ciliated, bilaterally symmetrical, 
free-swimming, fundamentally like the trochophoro-tornaria typo.*^ 

Classification. — 

Phylum IX II I NO I) ICR MAT A. Triploblnslic. coelomatc. Exoskoloton of calcareous 
spine*. Water vascular system. 

Stihpliyliuii I. rp.LMATO7.0A. Fixed by flexible stalk at some period of life. 
Yiscoru in a cup-shnpcd plated calyx. 

Class 1. (YSToioka. Extinct. 


Class 2. 
Class :i 
Siihpl;vlurn 1 f. 

Cln-H 1. 


Class *2. 

Stiliphylnm 111 

Class 1. 


Class 2. 


ni.AsminEA. Extinct. 
i niNoiDKA. Example : Anfedon sea lily. 

asimio/oa. Stcmlcss. Body depressed, pentagonal or stollnte. 
Mmiili mid tube feet on the lowor side. 

AWI R'liDKA. Arms hollow. Anus and modreporite dorsal. 
Tube feet with suckers. Examples : Aslerina, Aliena *, Solaslcr, 

J‘rnlayftha*irr starfishes. 

oiMfii itoiiu \. Anns solid. No unus. Modreporite actinal, 
Tula* reel without suckers. Examples: Ophiothrix , Ophtura , 
brittle stars. 

i • iiino/oa. Stemless, armless. Globose, discoidnl or 
venniforui. 

m i.inoioka. Botly plated. Spines movable. Tub© feet 
actinal air.l dorsal. Examples : Echfnus sen urchin, Spatangu * 
heart urchin. 

uni oTiii i:cii>fa. Body wall leathery with microscopic 
c:«lc.ire«ni< spicules. Vermiform. Examples : Hololhvna , 
C urn mnrifi son encumber, Synnpla. 


m 


2 



* BRITTLE. STAR 


5EA CUCUMBER 

. 2^0. Clusa Ophiuroiden : Brittle star. Class HolotliuroiJcii : son cucumber. 


I'm. ‘ 210 . Class As to ro idea : Starfish. Class Echinoidca : Sou urchin. 


SEA URCHIN 
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Relation to man — The starfishes constitute a serious menace to 
the oyster industry. The bivalve molluscs form the food of starfishes : 
a single starfish destroys as many as 20 clams within six days. The sea 
urchins are eaten in Italy, China and West Indies. The empty sea urchins, 
cleaned and filled with lead, serve as beautiful paper weights. The 
dried Holothurians are the trepang of Chinese dinner table ; trepang 
is made into soups. 

ASTEROIDEA 

The Asteroidea or starfishes are depressed Echinoderms that are 
pentangular or have the conventional star shape, consisting of a central 
disc and five or more rays or aims. 



Fig. '281. Tvpos «»( l-Icliinoderinntn. A. Asterias. B. Ophiomyxa. C. Asterina. 
D. Echinorchiuus, K. Shin ier. (Ori>/inal photograph of specimens in the Zoology 
Museum, St. John * ColU ;c, 1 ./:** ) 


Classification. — 

Order 1 phankbo/.oma. Marginal plates largo. Tube f« ct in two rows in 
each ombulucrnl groove. Examples: M«lrrina (Fig. 281) Astropeclen. 
Order 2. < kypto/onia. Marginal plates small. Tube feet usually in four 
rows in each umhulaciul groove. Examples : Solastcr (Fig. 281). 
Arterias (Fig. 2»1). Echinastcr, 
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ASTERIAS 

Bionomics.— Starfishes occur in all oceans and at all depths. They 
ate however especially more abundant on rocky than on sandy shores. 
They remain quiet during the daytime under stones. 

v_ -"External features — The body of starfish consists of a central disc 
from which arise five arms or rays. The upper or adoral ( aboral ) 
surface is covered by spines. Numerous minute pedicellariae occur 
around the bases of the spines. The pedicellaria is a calcareous rod 
with two movable jaw-like processes above. It serves for cleaning the 
suiface and for conveying the food particles towards the mouth. Irregular 
small projections of flesh through dermal pores between the pedicellariae 
arc called dermobranchiae. These function as gills. Amoeboid cells 
in the dermobranchiae eject waste matter to the outside. The anus 
lies close to the centre of the disc on the aboral surface. In one of 
the interradial lines on the aboral side is the madreporite t a characteristic 
sicvc-likc porous plate leading into the water vascular system. The 
actinostcme or the mouth opens in the centre of the disc on the 
actinal or oral surface, i. e. the lower side of the starfish The mouth is 
surrounded by a peristomal membrane. An ambulacral groove 
extends along the middle of each arm from the mouth to its tip. 
The groove is bounded above by a series of ambulacral ossicles 
arranged like a roof. The groove is filled with numerous tube feet. 
At the tip of the arms arc the ocular spots. The arm opposite the 
madreporite is the anterior arm. This and the two adjacent arms 
constitute the trivium. The remaining two arms between which the 
madreporite is located comprise the bivium. The skin is reinforced 
by mesodermal calcareous plates or ossicles , that bear on the dorsal 
surface a number of short stout spines. The outer surface of the body 
is covered by ciliated epithelium. Beneath the epithelium is a network 
of nerve fibrils and a two-layered mesoderm, with the ossicles originating 
from the outer layer. 

Internal structure. — The arrangement of the internal organs is 
mostly pentamerous. There is a well developed alimentary canal and a 
characteristic system of water vascular tubes. 

Digestive system.— The actinostome or the mouth leads into a 

short oesophagus. Above the oesophagus is a wide fivc-lobed cardiac 
stomach. Each lobe of the stomach is situated opposite one of the 
arms. The stomach is capable of great distension and can be everted 
through the mouth. Cardiac stomach communicates with the pyloric 
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stomach, that leads into a short intestine. The pyloric stomach is 
pentagonal and is produced into the arms as five pyloric caeca. The 
caeca bifurcate at the base of the arm and each stem gives off branches 
laterally. The branches end in small pouches. The walls of the caeca 
arc glandular. Paired intestinal caeca, each with numerous short 
irregular branches, lie interradially within the disc. The intestine then 
ascends to end in the anus on the adoral surface. 



S Kl«. 28 ?. Slurfipl). Alimentary c.inol. 

^ Water vascular system. —The water vascular or the ambulacral 
system is essentially a system of ciliated tubes that help locomotion of 
the starfish. From the madreporite sieve plate on the dorsal surface 
descends a stone canal, reinforced by calcareous rings. The stone canal 
opens below into a ring canal surrounding the short oesophagus. Five 
radial ambul acral vessels in the ambulacral groove extend from the ring 
canal to the tip of each arm and end in unpaired olfactory tentacles . 
The radial vessel gives off several lateral vessels that open into the bases of 
the tube feet. Each tube foot has above a bladder-like ampulla within the 
cavity of the arm. It ends below in a sucker , Each foo is really a 
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- muscu,ar tube .ha, is capable of being d.s, ended by wa,e r . Five pairs of 

r ?rr rr ;rs:: th ; 

glandular Tiedemanns bodies. The Polian vesicles and Tiedemann’s 
bod.es supply a lymph-like fluid. The s.arfish ex, ends an a™ “ The 
direction ,, wants ,o move. The tube fee, are ,hen ,hrus, ou, and an ho ed 
down ,o the surface by means of the powerful suckers a, .heir tips The 
body ,s now hauled forward. The tube feet also serve in forcing openThe 



sneu or re.ccypod molluscs tha, form the food of the starfish Th 
embrace the tightly closed shell, the tube feet are anchore 1 ^ T™ 

and a powerful suction is applied. The valves slow* g pe o“hT 
starfish everts its stomach, folds i, round the soft parts of ,h, , 

'JZ 's'filfe?' h S “ a,ler She " S arC S ' Val '°' ed whoI = ThTwTr 

vascular system is filled w.th sea water through the madreporite plate 

There is no hear, bu, there is usually a double system of vessel. • one 
near the mouth and the other near the dorsal end. 

Nervous system.-The nervous system comprises a nerve pentagon 
round the oesophagus, that gives off th^ / nerve pentagon 

amhularral c l ^ off ,he radial nerves below the radial 

« --- z 

syslem includes a double nerve pentagon. There is also an adoral 
nervous system near the roof of the arms. 





pyloric caeca 


radial ambulacral 


rad.nerve\ ^ \ube foot 


nng cane’ ampulla 

K ,u. 28* SlarlUh. L»ngiiudin..| sc. iion of the disc nnd nrm. 

Reproductive syslem.-The strafish is unisexual. The gonads 

emprise pa.red masses of grape- bunch-like follicles ,n the mterrad.a space 

,f the disc. 1 he ducts open to the outside en the dorsal surfac y 
lumber of perforations interradially close to the base of the arms. 

nvlonc caeca 


rvibuldcral ossicle radial amb vess 

Ki-- "i.iriisb. Transverse sc«*tion through arm. 

Regeneration. - n.c starfish has considerable powers of regenerating 
i- last parts. As the arm contains almost all the important organs, a broken 
rm is capable not only of living but growing into a complete starfish. The 
;m first develops a small disc, from which four arms grow out later. 
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Ophiuroidea or brittle stars possess well-defined central disc containing 
a simple digestive cavity which does not radiate into the slender rounded 
arms and has no anal opening. The reproductive organs are confined to the 
disc. The madreporite is always on the dorsal side of the disc. 

Ophiuroids differ from typical starfishes in their cylindrical flexible 
arms, sharply separated from the central disc. The arms do not contain the 
diverticula of the alimentary canal or of the sexual organs. They serve as 
locomotor organs and are either plated or protected by coriaceous skin, in 
which are imbedded minute granules and scales. When plated, the covering 
consists typically of four rows of calcareous plates known as upper, lower 
and side arm plates. The lateral or the ambulacral plates usually 


dorsal 



ventral 

vert, ossicle 


marginal 


rad. 

amoves 


nerve 


Fio. 286 Brittle star Transverse section through unn 

carry rows of mobile spines. The interior of the arms is occupied by the 
vertebral ossicles or arm bones, each of which is made up of two or 
four ambulacral pieces fused side by side. The arm bones are movably 
articulated with one another by means of bosses which project from the 
centres of both the surfaces, the interspace being filled up by muscle The 
entire series is incised inferidrly along the middle for the radial 
ambulacral vessel, that gives off a pair of lateral branches in each arm 
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ossicle. These pierce the bone itself and supply the tube feet with water. 
There are no ampullae or suckers. The actinostome, in the centre of the 
underside of the disc, leads into a large sac-like stomach ; there is no 
intestine. The ducts of generative organs open into five pairs of folded 
pouches, one to each interbrachial area. These communicate to the exterior 
by means of the genital slits. 

The integument is beset with calcareous plates on the upper surface of 
disc and interbrachial area on the ventral side. A large central plate, 
sometimes on the central part of the disc, together with five pairs of plates 
radiating out is called the radial shield. On the ventral side is a single 
large plate, mouth shield or scutum buccale y at the inner angle of each 
aim, one of which serves as the madreporite. 

Classification. — 

Order 1. lysopiiiukoidfa. The two halve* of the vertebral ossicles not united, 
ambulacra! groove open. Extinct. 

Order 2. srRF.PTOrinrRoioFA Vertebral ossicle* complete, articulate by bull 
and socket joints. Extinct and Recent. Examples: Ophiomuxa 
brittle star (Kip. 281). 

Order 3. cladopiiiuroidfa. Vertebral ofl'icles articulato by hourglass-shaped 
joints. Anns often bifurcate. Examples : Qorgonocephalus buskot 
star, Aatrophyton. 

Order 4. /.Yoophioroidea. Movomonts of tho vertebral ossicles limited by 
lateral processes. Examples : Ophiura, Ophiogyplia brittlo stars. 

ECHINOIDEA 

I he I'.chinoidea include the sea urchins, cake urchins and sand 
dollars. Unlike the Astcroidea and Ophiuroidca, the echinids are globose, 
heart-shaped or cake-like and lack arms or rays (Fig. 287). The viscera is 
enclosed in a test of pentamcrous plated box, the corona , bearing 
long, movable spines. The spines serve as levers in locomotion and 
prevent the sea urchin from rolling over. 

The coronal plates are disposed in five ambulacral and five 
interambul acral areas. 1 he ambulacral area comprises two columns of 
alternating plates, which meet in a zigzag median suture. The ambulacral 
plates are perforated by two rows of paired pores for the exit of the tube 
feet. At the summit are the five oculogenital plates surrounding 
iho periproct. One of the genital plates is likewise the madreporite. 
Peristome is membranous or plated and surrounds the mouth The 
external surface bears numerous larger or smaller tubercles and 
spines. 

The alimentary canal lacks radial diverticula. The mouth is provided 
with five long curved, grooved teeth, set in a complicated skeleton 



ECHINODERMATA 


429 

> called Aristotle's lantern . The lantern consists of 40 pieces : 5 teeth > 
5 pyramids each of two halves, 10 epiphyses , 5 braces and 5 
compasses each of two halves. The lantern surrounds the oesophagus and 
is provided with a complicated set of muscles that move its various 
parts. The food, consisting of sea weeds and small animals, is broken up 
by the lantern. In the cake urchins and sand dollars the lantern is 
absent. 



FlO. 287 Son urchin A. Tho ontiro nniinnl with tho spines, in oral v ow. Nolo 
I ho whito tooth of tho Arixtollo's luniorn projecting through tho mouth. B. After 
removal of tho xpimx to rtliow of the (Ictuilx on xurfnco nmi tho ambulacra! poror, 
in nhoml view. (Original photograph 0 / imen* in the Zoology Museum, Si. 
John's College, Agra). 

The oesophagus (Fig. 288) ascends upwards in between the teeth 
of the Aristotles lantern. It continues into a thin-walled, slightly wider 
intestine coiled two and a half times (clockwise when viewed from the 
actinal side) and ends in the onus above. A narrow diverticulum, the 
siphon from the end of oesophagus accompanies the first part of the 
intestine into which it opens. 

The numerous ciliated pore canals of the madreporite open 
into an ampulla , that leads into the stone canal. The stone canal 
lacks the calcareous rings of the starfish. The ring canal bears five 
interradial Tiedeman’s bodies aod gives off five radial canals. These 
pass down to the radial nerve, then bend upward and run along the 
ambulacral areas on the interior of the corona. The radial canals give ofT 
numerous lateral canals epening into the tube feet. The latter have ampullae 
and suckers as in the starfish. 
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Respiration takes place by ten branched dermobranchiae arranged 
in a circle round the mouth. There is a pair of dermobranchiae opposite each 
ambulacral area. 

The radial nerves y external to the radial ambulacral vessels, arise 
from a nerve ring surrounding the mouth. 

The sexes are separate. The reproductive organs in both the sexes are 
five grapebunch-like glandular masses adorally in the interambulacral 
area. Their ducts open to the outside on the genital plates. 



moulh 

‘Jsg. Son urchin. Vertical section. 

The sea urchin may be considered as a starfish transformed by 
increase in vertical diamercr of the disc and shortening of the arms. The 
ambulacral band* thus extend up to the adoral surface. 

The cake urchins and sand dollars are flat forms with numerous small 
spines. They remain buried under sand just below the surface as the 
tide recedes but move about when the tide returns. A sea urchin from the 
gulf of Mexico has poisonous spines. 

Classification. — 

Order I. iiorilltH« Ei»\:.«.|i»KA. I'Atinol, 

OrJ-T 2. rii'AKoiiM A IVki regular. Two columns of plates in onoh nnihu* 
lu'-ruin ami int*T.iiul>iil:o-nim. A ri-U of lo’a lantern erect , with grooved 
tecili. No |H-ri'.toinal mils. Kxamplo : Cidaris. 
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Order 3. 

Suborder i. 
Suborder ii. 

Suborder iii. 

Order 4. 

Suborder i. 
Suborder ii. 


CENTRECiiiNOiDEA. Test regular. Two columns of plates in ambulacra 
and interambulacra. Ambulacral plates compound. Lantern erect, 
with keeled or grooved teetb. Peristomal gills present. 

Anlodonta. Teeth grooved. Examples: Aspidodiaderra, Centrtchinu*. 
Stirodonta. Teeth keeled. Epiphyse6 narrow. Examples : (.ilypto- 
cldqris , Slomopneusles, Arbacia sea urchins. 

Camardonto. Teeth keeled. Epiphyses wide. Examples: Echinus 
Salmacis, Stronyylocentrolus. 

exocyclidea. Test irregular. Periproct in r.n interambulacrum. Two 
columns of plates in ambulacra and intcrambulacra. Lantern present 
or absent. 

HolectypinA. Extinct. 

Clypeastrina. Ambulacral plates simple, petaloid dorsal ly. Lantern 
procumbent, without compass. Examples : Cli/peasler , Echinonjamu * 
Bund dollars. 


Subordor iii. 
Order 5. 


Spatanginu. 
Examples : 


Ambulacral plates simple, petaloid dorsolly. No lantern. 
Echinolampus, Hemiatier, Spalangu * heart urchins. 


plesioc'ID akoidea. Extinct. 


Order 0. FCUINOCYSTOIDEA. Extinct. 
Order 7. pkkischokchinoidka. Extinct. 


HOLOTHUROIDEA 

The Holothuroidea include the holothurians and sea cucumbers. 

4 They differ markedly from all other Echinodcrmata in their elongated 
sausage- shaped or worm-like bodies with little or no skeleton. The mouth 
and anus are more or less nearly terminal at opposite ends and the former 
is always surrounded by a circle of tentacles. There are no arms, spines 
or pcdicellariae. Skeleton is vestigial and consists of only isolated nodules 
of calcium carbonate imbedded in the skin. 

Holothurians resemble Echinoidea in that the radial canals run 
backwards and upwards from the ring canal over the inner surface of 
the body and terminate on small papillae near the anus. 

Body wall is provided with transverse muscles running along the 
radii, by means of which worm-like contractions of the body are carried out. 

The oral tentacles are comparable to the oral tubc-fect of 
Ophiuroidea and Spatangoidea. Tube feet are distributed over the 
surface in five radii : three of the radii are situated on the lower and 
two on the upper surface. 

Alimentary canal (Fig. 289; runs backward to the posterior end of the 
body, then forward to the anterior and finally turns backward to the anus. 
It makes one and a half turns round the longitudinal axis and is 
suspended by three mesenteries . It is differentiated into oesophagus, 
stomach, intestine and cloaca. The cloaca not only serves for passing 
faeces but also functions as respiratory organ by pumping water in and 
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out. Two long branched tubes, the dendriform organs or respirator y L 
trees , open into the cloaca and into these the inspired water passes. 
Finer branches of these end in ampullae . When water is forced into 
the ampullae, they become tense and a considerable quantity diffuses 
through their walls. 


■ingca' 
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Flo. 2H0. Holoihnria. Internal structure. (Midificd from Richard Herltclfl, 

Jena, (Jualne Fischer). 

The water vascular system generally resembles that of Echinoidea. 
The stone canals are usually five and do not reach the body wall. Each 
ends in a swelling “the internal madreporite” projecting into coelom. 
The stone ca~al and madreporite arc stiffened by calcium carbonate. 

Classification- 

Order 1. ASi’i Dot 11 1 rota. Tentacles with brunches crowded on o circular disc. 
Example : l/ololhuria. 

Order 2. DBXDR«»c:iiRor\. T.-ntaclos branched irregularly. Examples : 
Thyoiic. Ctictnnaiia sen cucumber. 

Order 2. molp \ no si \. Tentacles small. No tubo-fcot. Example : Caudina. 
Order -I. Aron.x. ( = Symtpl ida). No tube- feet and dendriform organ. Example: 
Ryua/ila. 
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CRINOIDIA 

The Crinoidea include the flowerlike sea lilies and feather btars. 
rhe body comprises a cuplike calyx of calcareous plates borne on a 
iexible jointed stalk with rootlike growths in the sea bottom. The calyx 
cars ten or more arms that have numerous lateral pinnules. The upper 
urface of the calyx is the oral side ; both mouth and anus open on this 
urface. The anus is situated on a raised cone. Open ambulacrat 
grooves, lined by cilia and tentacle-like tube feet, run in the oral side of 
the arms.’ There is no madreporite. The gonads develop in the pinnules. 



Kiq. 290. Class Ciiuoideu: Antedon. 

The Crinoids have practically no enemies. Myzostvma a peculiar 
(Polychaete) Annelid often occurs on the arms and calyces of the Crinoids. 
Several of the Crinoids are stalked and grow in extensive submarine 
gardens. Others like Antedon, are stalked only in the larval stage, but 
swim freely as adult. 

A Crinoid may be considered as a starfish attached by a stalk on 
,he adoral surface and with the oral surface turned upward. The 
arms correspond to the arms of the starfish and the calyx to the disc. 

Classification.— 

Order 1. camkrata. Extinct. 

Order ?. flexibii.ja. Extinct. 

Order 3. inadunata. Extinct. ^ 

Order 4. articulata. Mouth and food grooves open. Example: K " ' 
Antedon sea lily. 
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Development of Ecbioodermata.— The eggs and sperms are shed 
into the sea, where fertilization takes place. The cleavage is total and 
equal A ciliated blastula escapes from the egg shell and swims about 
by the activity of the cilia. Invagination of the blastoderm on one 
side leads to a gastrula, with archenteron and blastopore. The 
blastopore site is destined to become the anal end of the future adult • 
as in the frog. One side of the gastrula becomes somewhat concave. 
The cilia now become restricted to a thick band around this area and 



Of the ' «*• Generalized first larva. A. & D. Stages 

Asteroiden F r ; ll ‘ ,,ot,,,lrw ‘dcn. <\ & F. Stages of tbo bipinnurii lorva of 
of coelom ,,iwi h ' "" “ s l,, * vo of Kcl.inoidea. G -I. Sieges in the formation 
of On /, »f the water vascular system in sections. J Formation 
Mulllr nh m . "!• ’ , ‘. ,! *’• '«« l irvi of tho Ophiuroidea. (After Johannes 

, " " •/ ilerhi #»/, Lehrbuch dcr Zooloyie, Jeva, (iuttav Fisrhcr.) 

thus give rise to the characteristic ciliated band . The ciliated band 
is the organ of 1 c comotion (or the larva. Stomodaeal invagination pro- 
duces a mouth and opens into the oesophagus, stomach and intestine. The 
digestive tract is V-shaped. The larva at this stage is called a dipleurula , 
The dipleurula (Fig. 291) is differently modified in different grQups. 
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if- According to the arrangement and number of the ciliated bands and 
lobes, we have the brachiolaria and bipinnaria larvae of the 
starfish, the pluteus larvae of the brittle star and sea urchin and 
auricularia larva of the holothurians. After a few weeks of free- 
swimming life, the larva settles down to the sea bottom and becomes 
fixed by the anterior end. The posterior end of the fixed larva now 
enlarges and bends to the left. Five lobes appear on the right side 
that develops into the aboral suiface of the future adult. The left side 
becomes the oral surface. Paired outgrowths from the coelom of the 
left side become the first tube feet. Metamorphosis leads to the 
formation of the adult. 

Affinities.— The Echinodermata exhibit some characters of the 
phylum Chordata : I. The mesodermal endoskeleton, 2. the blastopore 
becoming the anus of the adult and not mouth as in Mollusca and 
Annelida, 3. mesoderm forming as pouches from the archenteron and 
not from special mesoblast cells as in Mollusca and Annelida, 4. the 
larvae resembling the tornaria larva of Balanoylossusy one of the primitive 
Chordates. The Echinoderms are therefore close to the Chordata. They 
have evidently retrogressed greatly from a more advanced ancestor. 
This is due to their having passed through a fixed stage in their 
history : the radial symmetry and absence of head arc adjustments 
of a sessile animal to meet the environment on all sides. 


i 

Resume 

1. Tin Echinodermata uro wholly marine animuls that liuvo u mosodermul 
skeleton of oalcuroous plat os and s pi nos iinboddod in thoir skin. 

2. The organs exhibit a pontamerous arrangement. 

3. The ulimontury canal oxtends into tho urine of the starfish but not in 
the other members of the phylum. 

4. Tho water vascular system includes a mudroporile, h stone canal, ring 
canal and a radial cnnol that opens into tho tube feet often provided with 
ampullae and suckers. 

5. The larvae of tho Echinodermuta are ciliated and bilaterally symmetrical and 
greatly resemble the tornaria larva of Da’aiioyloisu* (Urochordo : Chordata). 

6. The Ecliinodermuta include the Astcroidea (starfish), the Ophiuroideu 
(brittle star), Echinoidcu (sea ur>*hin), Crinoidea (sea lily) and tho Hololhuroidcn 
(sea cucumbor). 
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Distinguishing features. —The Chordata are recognized by three 
distinctive characters: I. notochord, 2. single tubular nerve cord .dorsal 
to the digestive tract and 3. pharyngeal slits - • ..v >.u 

The notochord is a stiff but e lasti c rod of cells mostly der ived 
from the endoderm. It lies between the spinal c ord and the alim entary 
canal. It acts as a stiffening cndoskcleton for the body. Nothing like 
it is found in the other Phyla, but it is present in all the Chordates. 
The name Chordata is indeed derived from chorda dorsalis or notochord. 
In some Chordates it forms the permanent endoskeleton but in most 
others it is surrounded by cartilcgenous or bony vertebrae . The back- 

boned animals or Vcrtebrata 3re Chordates in which the notochord 
develops in the embryo but later becomes surrounded by cartilage or 
bone or both to form the vertebral column. 



I<1G. 202. Diugram of lh«* vcrtcbmto plnn of body : a dorsal tubular nervous 
system, a notochord ns foundation of tho vortebrnl column, an alimentary ennui with 
livor, tho pharynx with gili slits, gills or lungs or rarely both, ond a vonfcrul heart. * 

The nerve cord i * n single, hollow, tube-like structure lying dorsally 
to the notochord and to the alimentary canal. It arises as a groove of 
the ectoderm on the dorsal side of the embryo, The groove deepens 
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> until the edges meet above and enclose a tube. When first formed, this tube 
opens anteriorly to the outside and curves posteriorly down the hind end of 
notochord to open into the archenteron (Fig. 298). Later the openings 
to the outside and into the archenteron are obliterated and the neural tube 
results. The cavity of the neural tube is the neurocoel . In many 
Chordatcs the neural tube enlarges anteriorly to form the brain. The 
tubular nerve cord of the Chordates thus differs radically from the solid 
nerve cord of Annelids and Arthropods. In these phyla the nerve cord 
is also ventral to the gut but in the chordates dorsal. 

The pharyngeal slits are a series of paired openings from the 
pharynx to the outside. These slits appear in the embryos of all Chordates. 
In fishes they persist throughout life as gill slits and function as respiratory 
organs, but in other Chordates that breathe by lungs, the pharyngeal 
slits disappear as the embryo grows older. Pharyngeal slits never develop in 
any other phyla. 

Other chordate characters. — The other characters of the chordates 
are : 1. bilateral symmetry, 2. diminishing metamerism, 3. cndoskeleton, 
4. cephalization, 5. centralization of the nervous system, 6. localized 
* respiratory system, 7. closed circulatory system, 8. ventral position of 
heart with reference to the digestive tract,. 9. presence of liver and 10. of 
hepatic portal circulation. 

Bilateral symmetry of the body is common to Chordata apd several 
other non-chordata, for example, Annelida and Arthropoda. The body is so 
organized that an imaginary line drawn through a sagittal plane through 
the median longitudinal axis divides it into two identical halves. 

Annelids and Arthropods are mctamerically segmented animals. 
Typically the body of an Annelid is composed of a series of metamcres 
similar externally and internally. In the Arthropods the metamerism is 
generally clear externally but less evident in the internal organization. 
In the Chordates the evidence of metamerism lies only in the internal 
organs. In the primitive Chordates and in the embryos of the higher 
ones, the body muscles are scgmentally arranged as myomeres. The renal 
tubules, the vertebrae and the spinal nerves are also vestiges^of diminishing 
metamerism. In Annelids and Arthropods each segment has typically a 
pair of appendages, but no Chordate has more than two pairs of appendages. 

The endoskeleton of the Chordates consists primitively of the notochord. 
It forms a rigid and at the same time sufficiently elastic support for 
the muscles used in locomotion. In most Chordates, the notochord is 
replaced by cartilagcnous or bony endoskeleton. 
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Cephalization or the formation of a distinctive head is met vnth 
in Arthropods and Chordates. The head consists largely of brain, the 
organs of special sense and their protective structures. The cephalization 

reaches its maximum among the Chordata. 

The increasing cephalization is really an outward expression ot the 

centralization of the nervous system in the anterior region of the body. - TM 
brain and the spinal cord become the commanding parts Starting from die 
fishes as we ascend higher and higher up to the mammals, there is increasing 
centralization in the brain and better co-ordination of various organs. 

The respiratory function is localized in the pharynx. The pharynx is 
pierced by the gillslits through which the water passes out on to the 
gills. When lungs are developed from the pharynx, the gill slits get closed. 

The circulatory system of the Chordates is a closed system. In 
most chordates the blood contains erythrocytes, which are not met with 
in non-chordatcs. The heart is also an improved one. The heart lies 
ventrally of the alimentary canal and the main arterial trunk dorsally. 
The flow of blood in the dorsal aorta is from the front backwards 
and the venous current from behind forwards in the ventral vessel. 

Liver and pancreas arc universally present in Chordates. The venous 
blood from the intestine first passes through the liver on its way back 
to the heart ; there is always a hepatic portal circulation in the Chordates ; 


some have a renal portal system also. 

The essential features of the chordate plan (Fig. 292) of build as 
distinct from the Annelidan are : x. the dorsal nervous system, 2. dorsal 
aorta and 3. ventral heart. The body of a Chordate may therefore be 
considered as corresponding to that of an Annelid turned upside down. 
The main difference between the arthropodan and chordate plans lies 
in the presence or absence of an axial endoskeleton. 

The terms Chordata and Vertebrata are not synonymous. All 
Chordates arc not Vertebrates but all Vertebrates are Chordates. Many 
Invertebrates arc thus Chordates and all non Chordates are Invertebrates. 
Chordata are animals with notochord and Vertebrata possess a vertebral 
column round the notochord. 

Classification . — The Chordata include 1. Hemichordata, 2. Urochor- 
data, 3. Cephalohordata and 4. Vertebrata. The first three subphyla 
are usually grouped together as V sotochardata as distinct from the Vertebrata. 
The Protochordates differ sharply from the Vertebrata in lacking distinct 
cranium, jaws, vertebrae and paired appendages They are therefore 
also often referred as A crania. 
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♦- Phylum CHORDATA 

Group I. PROTOCHORDATA or ACRANIA. Without cranium, 
vertebrae, jaws or paired appendages. 

Subphylum i. hemichordata 
Subphylum 2. urochordata 
Subphylum 3. cephalochordata 

Group II. VERTEBRATA or CRANIATA. With cranium and 
vertebral column. 

HEMICHORDATA 

The Hemichordata. (hemi = half ; chorda =cord) include worm- 
like animals, for example Balanoglossus , that live in burrows in 
the muddy bottom of the shore. The body comprises a proboscis 
in front, a collar and a trunk behind. The pharynx is pierced by 
gill slits. A dorsal anterior blind process of the alimentary canal represents 
the norochord and stiffens the proboscis which is used in burrowing. 
There is also a dorsal tubular nerve cord. While burrowing, the animal 
swallows the mud and digests any organic particles in it in much the 
same way as the earthworm. During development, a ciliated free-swimming 
tornaria larva undergoes metamorphosis before becoming the adult. 
This larva resembles the larvae of Echinodermata. 

1 BALANOGLOSSUS 

External features .—Balanoglossus (Fig. 30) is a soft-bodied cylindrical 
worm-like animal that burrows in sand in the sea bottom. It lives in a loose 
tube of sand grains cemented together by a viscid secretion from integumcn- 
tal glands. As the animal burrows, a quantity of sand enters through 
the ever open mouth and passes out by the anus. 

The body comprises a muscular proboscis in front, a collar 
immediately behind and a long somewhat depressed trunk. The proboscis 
is a hollow subconical structure that is used in burrowing. Its cavity 
opens dorsally to the outside by a minute proboscis pore. The sea 
water that enters through the pore keeps the proboscis turgid. The 
collar is a stout muscular band. Its cavity is completely cut olT from 
that of the proboscis and is also divided by dorsal and ventral mesenteries 
into right and left halves. It opens to the outside by paired ciliated 
tubes ending in the collar pores in the first gill slit. A double row 
of small gill slits open dorsally in a longitudinal furrow on the anterior 
part of the trunk. The number of the gill slits increases with age. 

Alimentary canal. — The mouth is a permanently wide open 
aperture vcntrally at the base of the proboscis, within the collar. It 
leads into a pharynx , the dorsal wall of which is pierced by internal 
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U-shaped gill slits (Fig. 293)- The gill pouches are strengthened by separate 
chitinous rods. Behind the pharynx, the alimentary canal is a nearly stra I g 
tube that ends posteriorly in the anus. The paired hepatic caeca 
about the middle of the digestive tract are indicated externally by a senes 
bulges. The alimentary canal is supported by dorsal and ventnd 
mesenteries. The roof of the alimentary canal is produced forward 
as a diveniculum, the notochord, into the cavity of the proboscis. 





Fir.. 2»3. Balanoglottu*. AnUiior end in sagittnl section. 

Circulatory system and coelom.-Thc circulatory system includes 
a dorsal longitudinal and a ventral longitudinal vessel. These 
vessels are connected by transverse branches at intervals. The dorsal 
vessel ends anteriorly in a heart partly in the collar and partly in the 
neck of the proboscis. The coelom is represented by five cavities 
one in the proboscis and a pair each in the collar and trunk. 

Excretory system.-The excretory organ consists of a glomerulus 
or plexus or blood vessels at the anterior end of the notochord. 

Nervous system.— There are dorsal and ventral nerve cords 
extending the whole length of the body. The dorsal cord encloses 
hollow spaces in the collar region. The ventral and dorwl cords W 
connected together by a nerve band in the collar. Nerves are given 
off at frequent intervals from the nerve cords. There are no organs 
of special sense. 

Reproductive system — The sexes arc separate The gonads are 
sac-like structures in a double scries along the gill region and part of 

the trunk directly behind. They open to the outside by a series of 

* * $ 

genital pores. 

Development. — Fertilization is external. Complete and equal cleavage 
results in a blastula . Flattening of one side of the blastoderm is 
followed by invagination of the flattened side. A ciliated gastrula i* 
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fthus formed. The blastopore closes and the embryo elongates. Stomodacal 
invagination of the ectoderm gives rise to the mouth in a transverse 
constriction in the equator of the embryo. The anus appears at the 
side of the closed blastopore by a proctodaeal invagination. The archenteron 
gives off two coelom pouches. Another transverse constriction divides 
the body into anterior, middle and posterior parts, that represent respectively 
the proboscis, collar and trunk of the future adult. Paired gill slits 
appear very soon and the adult stage is gradually reached. 



Fio. 294. Tornoria larva of Balunoylossua. It in essentially a trochophore larva. 

In some species the gastrulation is followed by a ciliated larva, the 
tornaria (Fig. 294), reminding one of the trochophore of the Annelid and 
Mollusca and greatly resembling the larvae of Echinodcrmata. The tornaria 
has a looped preoral and a postoral band of cilia, a curved alimentary 
canal, an apical plate containing nerve cells, eye spots and tuft of 
cilia. As the development proceeds, the apical plate and the ciliated 
bands disappear. The proboscis develops as an outgrowth and the collar 
becomes constricted. The metamorphosis is completed by the posterior 
part elongating into the trunk of the adult. 

UROCHORDATA 

The UROCHORDATA (oura = tail) comprise the tunicates or sea- 
squirts (Ascidians). The adult is a fixed animal, enclosed in a cellulose 
tunic or test. When irritated, the animal squirts water. The body 
has two openings : mouth and atrial openings. Water enters through 
the mouth, passes into the pharynx, out through the gill slits into the 
atrium, whence it comes to the outside by the atrial opening. Sticky 
mucus secreted by a ciliated groove-the endostyle-oi the pharynx 
entangles minute particles of food. There is no notochord and no tubular 
nerve. The larva on the other hand resembles the tadpole of a frog. 
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I, bas a notochord in the long tail, a tubular nerve that «s enlarged^ 
anteriorly into brain, eyes, etc. After a brief free-swimming life, the tadpole 
larva settles down on some solid object and becomes fixed. It undergoes 
metamorphosis : loses the tail, notochord, nerve tube and sense organs and 
finally becomes the degenerate sea-squirt. Its metamorphosis is 
retrogressive as compared with that of the frog or of the butterfly. 

2 HERDMANIA 

Herdmania is the common Ascidian or sea squirt of the Indian 
waters. Sea squirts occur on rocky sea shores. They are so called because 
when disturbed, they forcibly eject fine jets of sea water through two 
holes. Though many are simple, others give rise to colonics by budding. 
Systematic position. — 

Phylum CHORDATA 

Class UROCUOHDATA (=Tunicata) 

Order ascidacea. Sessile, simple or colonial forms with the 
atrioporc dorsal. 

Family TETHYIDAE 
Genus Herdmania 

Species i. pallida 2. ceylonica 3. mauritiana 
External features— T he body of an Ascidian is essentially a cylinder, 
fixed to rock 01 wooden pile of wharfs by its broad base. At the free 
end arc a large circular oral aperture and a somewhat smaller atrial 
aperture , slightly to one side. Strong sphincter muscles close the two 
apertures. A current of water flows into the body through the oral 
aperture and leaves the body through the atrial aperture. The body is 
enclosed in a loose tunic or test of a soft translucent material called 
tunicin, chemically related to cellulose of plants. Beneath the tunic 
is the mantle or the soft body wall proper. The body is freely suspended 
within the tunic, to which it is attached by the oral and atrial siphons 
at the two apertures. 

Alimentary and respiratory systems. — The oral aperture leads 
into the oral siphon. The oral siphon passes below into a large 
pharynx or branchial chamber (Fig. 295). The walls of the pharynx 
are pierced by numerous gill slits or stigmata arranged in 
transverse rows. The water that enters the pharynx through the 
oral aperture passes through the stigmata to oxygenate the blood 
in the caprillaries. It then escapes into the peribronchial chamber 
or atrium surrounding the pharynx. From the atrial chamber the 
water passes to the outside by the atrial aperture. The current of 
water is set up by the action of cilia that cover the edges of the gill 
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slits. The pharynx is attached to the mantle along one side- the 
ventral surface On this side the pharyngeal wall has a groove, the 
endostyle. C.l.ated and gland cells line the endostyle. The gland 
ells secrete a mucus, which entangles minute particles of food in the 
current of water. The action of the cilia drives these particles to the 
peribronchial groove in front, whence they pass to the dorsal lamina 
a prominent ridge on the side of the phryngeal wall opposite the endostyle. 
Ihe cilia of the dorsal lamina drive the particles finally into the 



Fio. 295. Structure of a typical aacidian. 


oesophagus. The oesophagus leads to the stomach and intestine 
lying on the left side in the mantle. The intestine is formed into a 
double loop and terminates in the anus within the atrium. The liver 
is a chocolate-coloured bilobed mass largely covering the stomach. 
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Circulatory system.— The blood consists of a nearly colourless -i 
plasma with pigmented corpuscles and leucocytes. The well developed 
circulatory system includes a simple muscular heart enclosed within a 
pericardium near the stomach. A cardiobranchial artery from the 
heart continues into the ventral aorta. The ventral aorta gives off 
transverse vessels running betweeo the transverse rows of stigmata. 
These vessels give off numerous capillaries into the pharyngeal wall 
to facilitate oxygenation of the blood. The transverse vessels then 
open into a dorsal aorta. From the dorsal aorta blood vessels are given off 
to the intestine and the gonads. A cardiovisceral vessel from the 
heart supplies the stomach and the gonads. The contractions of the heart 
arc off a peristaltic character. Waves of contractions follow from one 
end to the other. After a pause, the direction of the peristalsis is reversed. 
The direction of the flow of blood is thus reversed at regular intervals. 

Nervous system- — A minute ganglion in the median dorsal line 
between the mouth and atrial siphon represents a degenerated brain. 

It gives oft nerves to the siphons and other neighbouring parts. Scattered 
sensory receptor cells occur in the tunic. 

Excretory system — The neural glands, just above the nerve 
ganglion, comprise a number of branching tubules, some of which open 
into a ciliated canal in the gland. The ciliated canal leads into 
a duct, opening by a ciliated funnel into the branchial cavity. 

Reproductive system. — Sea squirts are hermaphroditic but protand - 
rous and self fertilization is thus avoided. There are two gonads imbedded 
in the mantle. The left gonad lies within the loop of the intestine and 
the right gonad lies close to the heart. Their ducts open into the atrial 
cavity. Each gonad consists of an inner ovarian zone surrounded by 
an outer testicular zone. 

Development.— Fertilization is usually external in the sea squirts. 
The zygote undergoes complete and equal cleavage. In the eight cell 
stage four cells arc smaller and four cells are larger. The flattened 
blastula is called placula. The placula becomes curved into a hollow 
cup, with endoderm inside and ectoderm outside. A gastrula is thus 
formed. The blastopcre gradually narrows down to a minute dorsal 
pore. The embryo now elongates and becomes flattened on the side 
destined to become the dorsal surface of the larva. The ectoderm cells 
in the median line of the dorsal side become differentiated into a 
medullary plate. The cells on either side of the medullary plate become 
elevated into neural folds , enclosing a neural groove in between. 
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* ThC ° £Ural groove final| y from behind forward thus giving rise 

■o the neural tube, opening in front by a small neuropore. The 
ectoderm below the small blastopore grows over the neural groove, thus 
putting the archenteron in communication with the neurocoel 
or the cavity of the neural tube by means of the neurocentric 

C °" al : r00f 0f ,he archenteron gives off a longitudinal 

fold that develops into the notochord. Laterally paired strands of 
mesoderm are given off by the endoderm. The embryo soon assumes 
a tadpole-like appearance and possesses an elongate compressed tail, with 
notochord and muscles. Three adhesive papillae develop at the 
anterior end. The neutral tube enlarges anteriorly to form the sense 



Flo. 21)6. The life 
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cycle of an Ascidian. A. Tadpole 
C-D Retrogressive molarnorpjiosis. 


lotv.i, free-swiiuininc. 
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vesicle (corresponding to the brain of the tadpole of the frog) Eyes 
and otocysts (ear) develop in association with the sense vesicles. 
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The alimentary canal becomes differentiated into a pharynx, pierced 
by gill slits, a stomach and intestine. A stomodacal invagination of the 
ectoderm gives rise to the mouth. Heart and blood vessels appear and 
the atrium develops. The larva— now a tadpole — hatches at this 
stage and leads a free-swimming life for some time— a few hours to 
days. 

The tadpole larva then (Fig. 296) settles down to some suitable rock 
and becomes attached by means of the adhesive papillae. A number of 
gill slits close up. The tail gradually reduces and finally disappears. 
With the tail, the notochord and nerve cord are also lost. The eye and 
the otocyst disappear. The gonads develop, The larva thus undergoes 
metamorphosis into the adult 

The metamorphosis involves the change from a free larva with chordate 
characters into a fixed adult without chordate characters. It thus differs 
radically from the metamorphosis of the frog. There is no increase 
in the complexity of organization during the metamorphosis of the 
ascidian tadpole into the adult sea squirt but on the other hand simplification 
takes place. The ascidian tadpole thus undergoes degeneration from a 
Chordate to a Non-Chordatc. Its metamorphosis is thus retrogressive : 
stepping backward. 

Among the other important changes during the retrogressive 
metamorphosis arc i. the formation of tunic, 2. the formation of a peribran- 
chial space by the fusion of the paired integumental pcrithoracic vesicles 
and 3. partial rotation of the body involving the approximation of the 
mouth and anus. 

Relation to other animals — In their tadpole stage the sea squirts have 
numerous enemies, but as adults are comparatively safe. Several 
animals arc generally associated with them. Small Pelecypods inhabit 
the tunic. Polyps, sea anemones, branacles, gastropods and other similar 
small animals olten become attached to sea squirts. They are also 
frequently covered by the green plant alga. A crustacean breeds in 
their cavities. 


CKPHALOCHORDATA 

The Cephalociiordata \b'phaL — head, chorde—covd ) are small 
marine animals, pointed at both ends, as for example in Amphioxus. 
The amphioxus measures at about two to three inches long and is 
widely distributed in all tropical and subtropical regions. It is extensively 
used as food in China. It remains in burrows in clean sand near the 
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(hshore with only the mouth projecting above the surface. Amphioxus 
resembles the simpler Vertebrata in several respects. The notochord 
extends the whole length of the body and serves as a stiffening rod 
for the body. The tubular nerve is dorsal and is enlarged anteriorly 
into a brain. 

The mouth is surrounded by delicate cirri. The pharynx has 
over fifty pairs of rows of gill slits strengthened by gill bars. The 
slits open into an atrium formed by a fold of integument. The atrium 
opens to the outside by the atriopore far anterior to the anus. There 
is a liver. The dorsal vessel carries the oxygenated blood from the 
front backwards. The subintestinal vein enters the liver.* The hepatic 
vein from the liver carries the blood to the ventral aorta and thence 
to the gills. 

The excretory system is of the non-chordate type and comprises 
a scries of paired nephridia, which discharge into the atrium. The sexes are 
separate; twenty-six pairs of gonads lie on cither side of the pharynx. 

During the breeding season the amphioxus leaves its burrows 
and swims towards the evenings. The sperms and ova are shed in the 
water, where fertilization takes place The zygote undergoes total and 
equal cleavage. Development is without metamorphosis. 

3. AMPHIOXUS 

Amphioxus (=» sharp at both ends), a superficially fishlike animal, 
occurs in sandy bottom of shallow seas. It differs from fishes in lacking a 
definite head and paired fins. It swims in the water by undulating 
movements of its body. It prefers usually to remain buried in the sand 
in the vertical posture, with only its anteriror end just protruding above 
the surface. While thus remaining under the sand, it draws a current 
of water into the mouth and secures minute organic particles for food. 
It has great powers of burrowing. 

External features.— The body is compressed and pointed both 
anteriorly and posteriorly (hence the name). There is no head. The 
surface of the body is marked by V-shaped lines that indicate the internal 
bundles of muscles, the myotomes. The myotomes of the right side 
alternate with those of the left. A membranous median dorsal fin 
extends from the anterior end to the posterior, where it expands into a 
caudal fin. There is also a ventral median fin for a short distance. 
The dorsal fin is strengthened by about 250 cartilagenous rods, the 
fin rays. The fin rays of the ventral fin are paired and there are about 
fifty of them. In front of the ventral fin there are lateral finlike expansions 
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Of the integument, the metapleur. The metapleur extends in the fornrv 
of a triangular flap, fringed by tentacle-like buccal cirri . The flaps of the 


nerve Cord 



at nopore 



dorsal aorta 




Flo. 207. A. Alimentary and respiratory orguns from 

tho loft side seen ns transparent objects from a cleared specimen. B. Circulatory 
system. C. Transverse section in front of tho ntriopore. D. Transverse section between 
tho ntriopore and anus to show tho relations of coelom to the atrium. * 

two sides form the oral hood, enclosing a funnel-shaped vestibule 
leading into the mouth. The buccal cirri and the oral tentacles are 
covered by sensory cilia that set up an inward current of water into the >~ 
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yunoutb. The olfactory pit is a small depression on the left of the median 
dorsal fin near the anterior end. The so-called eye is a black pigmented area 
in front of the olfactory pit: it has no cornea, lens or retina. The anterior 
part of the body is surrounded by the atrium. The atrium is a 
chamber that may be conceived as formed by the side walls of the body 
extending below and meeting in the middle like the buttoned coat pf a 
man, enclosing a space below the body. The atrium is closed on all sides 
but opens to the outside by a wide atriopore ventrally about the anterior 
two-thirds of the body The anus opens far behind the atriopore. 

Alimentary canal — The mouth opens into a large pharynx. 
The side walls of the pharynx are perforated by numerous elongate oblique 
gill slits , opening into the atrium. Behind the pharynx the alimentary 
canal e* tends as a stiaight tube to the anus. In front of the atriopore the 
alimentary canal has a finger-like hepatic caecum on the right side. 
This functions as the liver. The dorsal wall of the pharynx has a deep 
hyperbranchial groove , lined by cilia. A ventral groove of the 
pharynx, the endostyle , is lined by columnar epithelium and secretes 
a mucus. The current of water containing dissolved oxygen and minute 
particles of organic matter enters the pharynx and passes out into the 
atrium through the gill slits. The mucus secreted by the endostyle entangles 
the minute organic particles and carries them backward into the 
intestine behind. 

Respiratory system.— The respiratory organ consists of the pharynx. 
The gill slits are oblique holes on the side wall of the pharynx. The 
slits arc separated by gill bars , strengthened by skeletal rods. Each 
gill bar is richly supplied by blood capillaries. The current of water 
that passes out of the pharynx into atiium serves as the respiratory current. 
The capillaries exchange the carbon dioxide of the blocd for the oxygen 
of the water and the exhausted water escapes to the outside through 
the atriopore. 

Circulatory system — There is no definite heart but the ventral 
aorta functions as the pulsatory organ. The blood from the alimentary 
canal and posterior part of the body collects into the subintestinal vein 
below the intestine. This vein enters the hepatic ceacum and breaks 
up into capillaries within its substance. The capillaries reunite to form 
hepatic vein that runs a short distance backward and then turns forward as 
the branchial aorta below the pharynx. The branchial aorta contracts 
rhythmically from behind forward and functions as the heart. It gives 
off lateral branches to the gill bars. These branches break into capillaries in 
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the gill bars and facilitate the oxygenation of the blood. The capManevy- 
reunite to form efferent branchial veins dorsally. The efferent 
veins unite into a right and a left aorta , that combine together behind 
the pharynx into the median dorsal aorta . The blood runs backward in 

the dorsal aorta exactly as in the frog. 

Coelom.- The coelom is complicated in Amphioxus. It is a narrow 
space lined on the outside by the somatopleur and on the inside by 
the splanchnopleur. A dorsal coelom above the pharynx communi- 
cates by narrow canals with the subendostylar coelom below the 

pharynx. . 

Excretory system. -Tbe excretory organs arc serial pairs of 

nephridia, resembling those of the Annelid but lacking a ciliated 
nephrostome opening into the coelom. They are arranged on either 
side of the pharynx in the dorsal coelom. Each consists of an excretory 
canal, expanded above and opening below into the coelomic canal of 
the gill bars. On the dorsal surface there are numerous solenocytes or 
pin-shaped bodies, containing a wavy flagellum within. The excretory 
products pass by osmosis into the solenocytes and are propelled by the 
action of the flagella down into the gill bars. From here they pass into the 

atrium and are expelled by the atriopore. 

Skeletal and muscular system*.— There is an endoskeleton 
comprising the dorsal notochord that extends the whole length of 
the body. The notochord projects slightly at the anterior end in front 
of the mouth. It is surrounded by a thick connective tissue membrane 
that is continuous with the connective tissue septa of the myotomes. 
On either side of the notochord are the V-shaped masses of myotomes. 

Nervous system -The nervous system consists of a simple thick- 
w-lled nerve tube above the notochord. Anteriorly the nerve tube 
expands into the cerebral vesicle, which in young spec.mens opens 
,o the outside by a neuropore dorsally. In the adult the ncuropore 
is closed but its site is indicated by the olfactory pit. Paired nerves 
are given off laterally from the nerve tube to the myotomes and to other 
parts. As in the fiog, a dorsal sensory root and a ventral motor root 
give rise to the sensory and motor fibres. The two fibres do not 
however unite into a mixed nerve. There are also no ganglia on the 
dorsal roots. The first two pairs of nerves are wholly sensory. ' 

Reproductive system.— The sexes are separate. A large series 
of paired gonadal sacs, appearing to project into the atrium, contain 
the gonads. The ova and sperms when ripe, pass into the atrium 
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Vby the bursting of the body wall, and escape into the sea water 
the atriopore. Fertilization takes place outside the body in the water 

Development.- The ovum is holoblastic It is minute and 
undergoes total cleavage. I, is iso led that or has only a small amount 
of yolk distributed uniformly throughout the mass of the egg. The cleavage 
|s therefore equal : the zygote divides completely into two equal halves 
This first cleavage is vertical (Fig. 298). The second cleavage is 
also vertical but at right angles ,0 the first. Four equally large blasto- 
meres result from the two cleavages The third cleavage is equatorial 
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f)acar Her l wig. Die Elemenle der Entwicklungsgcechichte dex Mcnxchen undhrl n /S u,n 
Jena Uustav Fischer, afler Hateehek). WCA€n und der W ' rbeltiere . 


so that each of the four blastomeres becomes divided into a slightly 
smaller upper cell and a slightly larger lower cell. The fourth cleavage 
divides the eight cells vertically, producing sixteen cells. Repeated 
meridional and transverse cleavages produce a blastula enclosing a 
cavity, the blastocoele. The blastula is essentially a hollow sphere 
bounded by a membrane one cell deep. This membrane is the blastoderm. 
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The cells of the blastoderm on the lower side are somewhat larger^ 
than those of the upper side. By unequal growth of the upper and 
lower parts, the latter becomes tucked inwards or invagmated into 
the blastocoele. The invagination increases rapidly so that the blastocoele 
is obliterated and a double-layered short cylinder results. The new 
cavity thus produced, i.e. the cavity of the double-layered cylinder is 
the archenteron , or the primitive gut. The embryo is now a gastru a ■ 
The wide mouth of the cylinder is the blastopore . The outer layer 
is the ectoderm and the inner the endoderm. 



Fni 291). or, is lancrotolu*. Further stages in development continued from 

the previous figure. A Sagittal section of embryo with three incsobluatic aoimtca. 
13. Horizontal section ofrmbiyo of the amno singe. C. Sagittal section at n later stage. 

D. Sagittal section of embryo with nine pairs of mcsoblustic somites. b. Hcmontnl 

section of embryo of the suine slugc with the hond lobes. F. Horizontal section of 
embryo with fourteen pairs of mosoblnstic somies. G Larva, about 36 hours old, with 
notochord (black), m-mtu and tho first gill slit. {Redrawn from ffalschek). 


The gastrula soon elongates and the blastopore is narrowed to 
a small aperture at the end that is later destined to become the posterior end 
of the adult. One of the long sides becomes flattened : this represents 
dorsal surface of the future adult. The ectoderm now develops cilia 
externally. The embryo begins to rotate within the egg membrane and 
finally escapes as a free larva. 
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y* The ectoderm cells of the flattened side become differentiated as 
a thick neural plate (Fig. 300) along the median longitudinal line. The 
neural plate gradually sinks below the general surface and at the same time 
the ectoderm cells on either side of the neural plate grow up into neural 
folds, thus enclosing a neural groove. The neural folds arch over and 
meet in the middle above the neural groove to form a neural tube , that 
becomes the nerve tube of the adult. At the same time the ectoderm of 
the lip of the blastopore grows over the blastopore and continues forward 
over the neural groove. Thus the archenteron begins to communicate 
with the neural tube by a narrow neurocentric canal. The closure 
of the neural groove thus proceeds from behind forward but the groove 
remains open anteriorly by a small neuropore. The neuroporc closes long 
after the adult stage is reached but its place is indicated by olfactory pit 
of the adult. 

The archenteron produces anteriorly a pair of outpocketings, the 
cephalic vesicles. The roof of the archenteron develops three 
longitudinal outfoldings : two lateral and one median. The median 
fold separates off from the archenteron and becomes compacted into 
the notochord. The lateral folds become constricted off from the 
archenteron and form a series of paired pouches, the so-called mesoblastic 
somites (Fig. 299), from the front backward, to the right and left of the 
notochord. The cavity of these somites represents the coelom. The 
pouches soon enlarge, so that an outer wall, the somatopleur close to the 
ectoderm, and an inner splanchnopleur lying on the endoderm 
arc recognized. These two layers represent the mesoderm that gives 
rise to the muscles, blood, blood vessels and the gonads. The wall of 
the archenteron that now remains is called secondary endoderm 
in contradistinction to the primary endoderm when the archenteron is 
formed. The wall of the archenteron thus gives rise to 1. the notochord 
and 2. the mass of cells that encloses the coelom and represents the 
mesoderm. The secondary endoderm forms the inner epithelial lining 
of the alimentary canal of the adult. 

The embryonic development is very rapid ; it is completed within 
twelve hours after fertilization. The larva soon assumes a fishlike 
appearance and is peculiarly asymmetrical in many respects. The 
mouth forms on the left side of the body and the first gill slits open 
ventrally but soon shift to the right side of the body. These arc 
the primary gill slits. Dorsally above these appear six secondary 
gill slits and push then to the left side. The mouth now shifts 
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from the left to the end of the pharynx. The development now slowSV 
considerably and the laiva takes several months before it gradually 
grows into the adult. 

Affinities.— Amphioxus is clearly a Chordate. It has been 
traditionally considered in text-books as a primitive or ancestral 
Chordate. Now-a-days it is correctly recognized as greatly specialized 
in some but highly degenerate or simplified in other characters. 



Fid. 3tiO. zl-v/./i o.nis lanrcolatus. Transverse sections of embryos at different 
stages of development, to show tho formution of tho neural tube, notochord, 
nicsoblastic somite * and the coelom A Embryo with the commencement of tho neural 
groove. B. With the commencement of neural tube, notochordal pinto and 
inesoblnslic pouchrs. C. With neural tube and Inter stage in the formation of 
notochord nml somites. I). With neural tube and coelom complete. Muscle plates 
on either side of notochord Kd*. Embryo with muscle segments and bloodvessels. 
[Itedrami Jrom 0*cnr llrr>» l.j nf'rr llalsthck). 


VERTEBRATA 

The Vertebrata difler sharply from the Protochordata in several 
respects but exhibit the true essential chordate characters. 

The notochord appears in the course of the embryonic development, 
but becomes surrounded by a scries of separate structures called 
vertebrae. The vertebral column more or less completely replaces 
the notochord in its function as the chief axial cndoskcleton of the 
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r body. There are generally tuo pairs of appendages such as fins or limbs. 
All vertebrates possess a heart situated ventral to the digestive tract. 
The heart has at hast two chambers. The blood contians erythrocytes 
in which haemoglobin is present. The brain of all vertebrates contains 
five hollow spaces. Vertebrates also have a posterior prolongation of 
the body behind the anal opening, forming a tail, which may be long 
or very short and vestigial. The vertebrate plan of body build is represented 
diagramatically in fig. 299. 

The digestive system of the Vertebrates is built more or less on the 
same plan as in the frog. The digestive system of different vertebrates 
presents many modifications but the following parts are generally 
recognized. Mouth, buccal cavity, pharynx, oesophagus, stomach, small 
and large intestines, rectum and anus. Liver and pancreas are always 
present and many vertebrates have salivary glands also. 

The circulatory system includes a central heart , which receives 
the blood returning from the tissues and in many cases also from the 
lungs. It pumps the blood’ cither to the body, gills or to the lungs.’ 
Circulation is of the closed type with capillaries. 

Respiration takes place in the gills or in lungs. A voice box is 
also present in many. 

The excretory organs are two kidneys, with ducts leading from 
them. Many have also urinary bladder. 

The nervous syitem is essentially as in the frog. 

The skeletal system is also built essentially as in the frog in many 
and comprises an axial skeleton with skull and vertebral column, girdles and 
appendicular skeleton of fins or of limbs. The gills are supported by 
arches of skeleton ; some of the anterior arches become jaws. 

The sexes are always separate except in certain hagfishes. The oviducts 
arc not directly connected to the ovaries. In many the fertilization is internal 
and the embryo develops within the mother more or less. 

The Vertebrata are subdivided as follows : 


Suhphylum I. 
Class I. 
Class 2. 

Suhphylum II. 

Superclass i 


AGNA7HA. Without jaws and paired appendages. 
ostraco dkrmi. Extinct armoured fish-s. 

'.IT™”*” • Body cylindrical. «alo». nvn.tl, „„r.nri..l, 

nasal opamng single. Example : Petromyzon (Fig. 3ul ). 

P n r ° f 8il1 «* biting 

piws. Nasu^b pimmg paired. Gen erally with pair^Tippenftug. s. 

P/S CPS. Fishes w.tn paired fins. Skin" uWHy~eovcr<-r by ih-.iI.-r 

Nhs.iI capsule not opening ,nto the buccal cavity. If. -an will, a 
single auricle. 7 
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Class 1. 
Class 2. 
Superclass ii. 

Class I. 
Class 2. 

Class 3. 
Class 4. 


CHONDRICRTHYES. Cartilagenous fishes, with notochord persistent 
throughout life. Examples: Sharks and ray fishes. 
OSTEICHTHYES. Bony fishes; gills covered by oporculum. 
Examples : most fishes. 

TETRAl’ODA. Four-limbed terrestrial vertebrates, typically with 
five digits. Nasal cavity opening into the buccal cavity ; air-bronthing; 
heart with two auricles. 

amphibia. Skin moist. Heart with three chambers. Larvae aquatic. 
Examples: Frog, toad. 

rf.ptilia. Skin dry and usually covered by scales. Heart impor- 
fectly four-clmmbcrcd. No aquatic larva. Examples: Lizards, turtles 
anti snakes. 

aves. Warm-blooded, heart completely four-chambered, body 
covered by feathers, foro limbs modified as wings. Examples : birds. 

mammalia. Warm-blooded, body covered by hairs, heart completely 
four-chambercd, females with mammary glands for suckling tho 
young with milk. Examples : mammals. 


t 

Resume 

1. Tho Chordata are bilaterally symmetrical, metnmerically segmented animals 
that possess an axial endoskoloton of clastic notochord, a tubular nervous system dorsad 
of tho alimentary canal and pharyngeal gill clefts. The closed circulatory system 
comprises a ventral heart and a dorsal aorta. 

2. In runny Chordata the notochord ii roplaced by a vertebral column. Jaws 
nnd a distinct heud develop. 

3. The Chordata includo all tho Yertcbrnta nnd some Invcrtcbrata. They 
are diwded into Hcmichordata. Vrochordatn, Crphnlochordatn nnd Vertcbratn. 

4. Tho first throo groups constitute the Protochordnta. Protochordntcs lack 
cranium, jaws, vertebrae and paired appendages. They includo such forms liko 
the sea squirts, nmphioxus, etc. 

ft. Tho Vertebrate posses* a vertebral column, paired nppendoges, jaws nnd 
cranium. They comprise tho Ostrncodcrmi, Cyclostomnta, Chondrichthycs, 
Osteichthycs, Amphibia, Rcptilia, Aves and Mnmmnliu. 


CHAPTER XVIII 
^—"'pisces TT_H_C L c 

1 CHONDRICHTHVES— THE SHABK r DOGFISH 


The Chondrichthyes (chondros= cartilage, ichlhyes = fish) represent 
the lowest living Vertebrates. They include the sharks, rays and chimacras. 
Character*-— 

1. Skin covered by minulo plncoid scales and rich in mucous glands. 

2. Median and paired fins aro presont. They havo cartilagonous mpporting 

skeleton. 

3. Mouth armod with many teeth. 

4. Nasal cavity not connected with buccal cavily ; nostrils used only for 
olfactory and not for respiratory purpose. 

f». Skeloton cartilagonous, with persistent notochord. 

(1. Two-chambered heart, containing only venous blood. 

7. Gills 5 to 7. 

8. Cold blood. 

!». Sexes separate. 


Sharks or dogfishes arc common all over the world. Most of them 
arc about two to three feet long. Some like the whale-shark, Rhinedon typus , 
measure fifty feet. The common shark of India is Scnliodon (formerly 
Careharius). All are carnivores or scavangers. Some of them are eaten 
by the poorer folk in India and extensively in China and Japan. Shark- 
liver oil is a source of vitamin A. Sharks often attack and kill bathers 
and fishermen. 


Classification.— 

Class CHONDRICHTHYES. 


Order I . Cladoseiachii. Extinct sharkliko forms. Examplo : Ctadotelachr. 
Ordor 2. Pleukacantiiii Extinct. Pleurocanthu*. 

Order 3. Stkoosllaciiii. Extinct. Cratosclache. 


Order 4. 
Suborder i. 


Suborder ii. 


Ordor fi. 


SELACiiii. Sharks and rays; spiracle behind each eye ; gills in separate 
clefts ; cloaca present. 

Squali. Sharks with compressed body ; tail hotcrocercnl ; gill slits C-7 
pairs and lateral ; pectoral tins not greatly enlarged ; first dorsal fin in 
front of the pelvic hns. Examples : Scoliodon ( **Carchariu s) sharks. 
(Fig. 301) Sphyrna hammer-head (Fig. 303), Rhinedon whale shark. 
Squalua and Acanthiaa spiny-dogfishes. 

Batoidea. Ray fishes ; with depressed body ; enlarged pcctorul fin 
joined to sides of head ; 6 pairs of gill slits ventral ; functional 
spiracle. Examples : Raja sawfish (Fig. 302), Torpedo electric ray, 
(Fig. 304) Aelobatua sting ray. 

Holockpmali. Chimaeras ; gill slits covered by operculum ; lack 
Hpiruclo and cloaca. Examplo : Chimaera. 
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External features.-The dogfish (Fig. 301 , 3°5) a perfectly stream- 
lined body as an adaptation for aquatic life. The body is compressed 
and the head is flat and bluntly pointed. There are two median dorsal 
fins and a median /ventral fin or anal fin. Paired pectoral 
and pelvic fins are' lateral. The pelvic fins are close together and 



301. phylum Chordata. Clot* Cydobtornuta. Petrorovzon is nn eol-liko 
fi.rm commonly mistaken for n fish. The skin is scnlelcBs and slimy. The circular 
n.outh is besot’ with hornv teeth. There is a row of gill openings on either M tie ol the 
hoily. Class Chondiiehthycs : Dogfish shark is n cnrtilopcnous fish. It is often 
u mennnec to sen-buthers. . 



Fio. 302. Phylum C|, or.l.u :t. Class Chondrichthycs Sawfishes often grow to 
enormous sizes mid tin ir •*.. uw” may attain n length of C ft. By moans of sido-to-sido 
sweeps of their saw-*, they ,-r^.ite Imvoc. among tho slionls of fishes which from 
their food. 

small in the female. The male has pair of myxipterygium or copulatory 
claspers, which are stiff cartilagenous rods used in mating. All fins point 
backwards and arc used in locomotion. There is in addition an unpaired 
median caudal fin, which heterocercal , t. r , the dorsal lobe is 
larger than the ventral. 
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The mouth is a 
with inwardly directed 


wide transverse opening ventrally on the snout , 
sharp teeth. The nostrils are ventral and do not 



HAMMER HEADED SHARK 

i 

Fin. 303. Phylum Chordata Claw Chondrichthyo*. Tho hammor-hondod 
Hlmrlc is umc|iio among folios in having tho l.o, id producod on ouch side into u 
groat ontgiowt h that hours tho eyes at tho end*. 


ELECTRICRAY F19H I 


Fio. 304. Phylum Chordata Class Chondrichthyos. Torn,, In »r .ho . 
ray fish is capable of giving severe shocks. 1 


communicate with the buccal cavity, 
provided with nictitating membranes. 


The eyes have immovable lids but arc 
Five oval gill clefts open on cither 
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side. Behind each eye is a spiracle. The anus is situated between the pelvic * 
fins. Placoid scales ate imbedded in the skin. A placoid scale composes 
a flat tridentate spine (Fig. 3 °$) projecting backward from a base. The 
scales become modified into teeth in the jaws. 



median dorsal Tin 


////'■ 


snoul 


ext. gill aperlures 


myxiplerygium 


pectoral fin 


Fio. 303. Scoliodon. External features. 

Internal organization.— The alimentary canal includes a buccal 
cavity leading behind to the pharynx, a short oesophagus, a J- shaped 
stomach, a straight intestine and a rectum ending in the cloacal opening. 
The mucous membrane lining the inner surface of the intestine is rolled 
longitudinally upon itself to form the spiral valve (Fig. 306). This 



FlO. 306. A. Interim? of Scoliodon cut open to show the spiral valve. 
P. Placoid scale. 

valve retards the too rapid passage of digested food and thus helps 
absorption. The liver is biiobed. There is a small gall bladder. A 
bilobed pancreas lies in the bend of the stomach. 


sinus venosus 
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The circulatory system comprises 1. sinus 1 jenosus, 2. lwo-\ 
chambered heart , 3. afferent branchial arteries , 4. efferent 
branchial arteries , 5. dorsal aorta and 6. veins. 

The sinus is a thin-walled bag. The heart differs from that of 
the frog 1. in having only two chambers and 2 in containing only venous 
blood. It is thus “ a branchial heart ” and pumps the blood only to 
the gills and not to the body direct. The chambers of the heart are 
1. an atrium or auricle in front of the sinus and 2. the ventricle 
with thick muscular walls, lying below the atrium. The atrium opens 
by the atrio-ventricular aperture into the ventricle. 

The conus arteriosus extends from the ventricle. There arc two 
rows of three semi-lunar valves. The conus continues as the ventral aorta 
below the pharynx and bifurcates into the innominate arteries. The 
innominate artery gives eff the first and second and the ventral aorta gives off 
the third, lourth and fifth afferent branchial arteries to the 
gills for oxygenation. The capillaries reunite in the gills to form the 
efferent branchial arteries, which unite into epibranchial arteries. 
The epibranchial arteries run backward and inward to unite and form the 
dorsal aorta that supplies fresh blood to the body. The dorsal aorta runs 
the entire length of the body below the vertebral column and continues as the 
caudal aftery in the caudal fin. A subclavian artery from the dorsal 
aorta goes to the pectoral girdle and a coeliacomesenteric to the viscera. 

The venous system includes 1. anterior cardinal veins from 
the head 2. posterior cardinal veins from the kidney and dorsal body 
wall, 3. hepatic portal system and 4. ventral veins mainly from 
the paired fins. These veins enter large sinuses connected to the sinus 
venosus. 

The shark dravvs the water into the mouth and forces it out of 
the gill s:its. 1 he gills arc enclosed in the gill pouches and are composed of 
numerous parallel filaments containing capillaries. The kidneys are 
long and extend from the liver to the cloaci. The hinder part is thickened 
and is the excretory organ proper ; the anterior region conveys the genital 
products. 

The testes arc paired elongate bodies, united together behind. Several 
vasa efferentia from the testes open into the kidneys; the sperm 
leaves by the cloaca. llie ovaries are not directly connected to the outside. 

The oviducts enlarge into the uterus, unire and open by a slit-like aperture 
into the urinogenital sinus ending in the cloaca. -Fertilization is internal 
and embryos develop in the uterus. 



PISCES 


463 


The sktl, (al system comprises the axial, visceral and appendicular 
portions. The skeleton is composed of cartilage or calcified catilages but is 
never ossified. The axial portion includes a cranium and vertebral column. 


snout 


nosiri] 


upper lip 
denticles 



ext. 
ill aperture 

int. 

gill aperture 


F 10 . 308. Dogfish S-.olitdvn in ventral view, with tbo mouth cavity cut o| oil tc 
show the gill apertures The arrows indicato tho course of tho respiratory currants. 


The visceral tktltlon includes a series of seven paired cartilagenous 
visceral arches ercircliDg the buccal cavity and pharynx. The first 
or mandibular arch gives rise to the jaws ; the second is the suspenso- 
rium or hyoid arch and the rest support the gills and are branchial 
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arches. The mandibular arch is composed of .. an upper pa/ato. 4^ 
lrygo. q uadrate and 2. a lower Meckel's cartila g e. The pala.o- 
pterygo-quadrates of the two sides form the upper jaw. The antenor ends of 
the palato-pterygo-quadrates of the two sides are jomed together by 
ligaments. The Meckel's cartilages extend along the poster.or margin 
of the mouth and unite to form the lower jaw. Posteriorly the mandibular 
arch is suspended from the cranium by the upper members of the hyoid arch. 
This has three segments: a dorsal hyomandibular, a lateral ceratohyal 
and a ventral basihyal It is the hyomandibular which forms the 
suspensor apparatus for the lower and upper laws and is therefore called the 
suspensorium- The skull in which the hyomandibular forms the 
suspensorium is described as hyostylic. The hyomandibular and the 
ceratohyal form the anterior wall of the first gill cleft and carry branched 
gill. rays along their posterior borders. 

The appendicular portion includes the skeleton of the median and 
paired fins and of the pectoral and pelvic girdles. The skeleton of the 
two dorsal and median ventral fins consists of a series of cartilagcnous 
vods—somactidia or pterygiophores. bearing distally the fin rays, 
ceratotrichia. The first dorsal fin has twenty-one somactidia The 
neural and haemal spines of the verteberal column arc elongated and 
flattened to support the dorsal and ventral lobes of the caudal fin. 

The pectoral girdle is behind the last branchial arch. It comprises 
two halves, fused in the mid-ventral line but free above. The ventral 
half of each arch is the coracoid and supports the pericardial cavity ; 
the dorsal rod-like piece is the scapula. The pectoral fin is composed 
of basal propterygium, mesopterygium and metapterygium and 
a large number of segmented radials. The pelvic fin skeleton consists 
of a curved basal basipterygium, articulating anteriorly with the very 
poorly developed pelvic girdle It includes fifteen radials on the outer 
border of basipterygium The radials bear ceratotrichia. 

The ncno'is sijilem is essentially as in the frog, but the proportions 
of parts differ. The cerebrum is undivided. The olfactory lobes arc 
large. The cerebellum is well developed. There are ten pairs ot 
cranial nerves and one pair of terminal nerves. The paired spinal 
nerves arise by two roots. The sense organs are the olfactory sacs 
on the snout, the eyes, the cars and lateral line canals . 

The dogfish is of great interest because its structural features appear 
in the early stages of the embryonic development of higher vertebrates. 
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Characters. — 


2. OSTEICHTHYES— BONY FISH 


I. Skin generally covered by scales. 

•2. Both median and pairod fins generally present. 

3. Mouth with jaws and teeth. 

4. Olfactory sac not communicating with the buccal cavity. 

5. Skeleton mainly bony. 

0. Heart branchial, two-chambcrcd. Aortic arches four pairs. 

7. Blood with nucleated red corpuscles. 

8. Respiration by gills. Air bladder often present. 

0. Sexes separate. 

Classification. — 


r 



1 


Class OSTEICHTH YE6 

Subclass i. PA LA EOPTER YOU. Ancient and primitive fishes, with fin 
rays of dorsal and anal fins raoro numerous tliun their interim! 
skeletal supports. 

Order I. ciionprostki. Nuked and scaleless or with ganoid scute* ; 

prominent snout 1 hetcro«<reul tail ; skeleton largoly cartilagenous’. 
Example : .4ci>« 1 ser sturgeon. 

Subclass ii NEOPTERYG/I . ‘Modern fishes, with usually umphicocloiiH 
vertobrao ; dermal rays and skeletal supports of dorsal and ventral 
fins equal ; caudal fin homoccrcal ; cycloid or ctenoid scales. 

Order 2 oinolymodi. Ganoid scales, latig snout and lower jaw. Examples - 
Gar pikes. 

Order ?. isospondyli. Fins lock spiny rays; air bladder opening into 
pharynx. Examples ; Salmo salmon, Clupeus herring. 

Order 4. ostariopiiysj Tho lateral elements of the first four vertobrao 
modified us Weberian (auditory) ossicles ; air bladder divided 
into two or three parts and opening into pharynx. 

(a) Cyprinoid fishes : Electrophoru* electric ocl, Cuptinu* earn 
Labeo rohita. ' ' 


(b) biluroid fu-hes ; cat fishes with tho mouth armed with sensory 
barbels. Examples : Marrones tong-gn-ra, Clarion mogur 
Order 6. apodks. Elongate, slender; continuous dorsul and anal 'fins; 
pelvic fins absent. Example : Aguilla freshwater eel. 

Order 0. mynentocnatiii Pectoral fins high up dorsallv. Example • 
Flying fish (Fig. 314) 

Ordor 7. microcyprini. Small, vivipnrous fishes. Examplo : Minnows. 
Order 8. solenicutiiyes. Body slender end elongate or head at an angle 
- to tho body. Mate generally with broad pouch containing eggs. 
Examples : Sytujnathus pipe fish (Fig. 314), Hippocampus sea-horse. 

(Fig. 313). 


Order 9. 
Order 10. 

Order II. 
Subeluss iii 
Order 12. 


PERCOMORPHI. Bony, spiny and soft fin rays present in don>ul 
and anal fins. Examples : Perea perch, Gobies. Mmjil mullet*. 

11 ete ROSTOM ata. Asymmetrical flatfishes with both iho eyes 
on one side ; bottom dwellers. Examples ; Ptcuron, Us fhindcr 
or (Fig. 310) flatfish, // ippoyloseu# halibut. 

plectognathi. Body form varied. Examples : DioJ >n porcupine* 
fish (Fig. 313), Mola sun-fisb, Oalracion trunk-fish (Fig 311). 
CROSSOPTERYUII. Lobe-finned fish. Pectoral fin loboto und 
articulated ; scales if present ganoid. 

dipneusti. I.ungfish. Air bladder lung-like. Examples : Protop- 
terns, Neoceratodus, 
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BARBUS 

Klo .30.. SuboUi* NoopUrygii! Ord.r O.taHophy.i, 




SPINED TRUNK FISH 



‘ ,a \ V* *’ , Noopu>rygii. Ordor Ploctoanut 

IMHriulizod in building up a hoiivy body armour at if 

•dy uro oncloood in a hard box of hox/gon^lZny pi 
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Structure.- The body of fishes is stream-lined so as to facilitate 
cleaving the water in swimming. The scales of the fish are of three 
types : cycloid , ctenoid and ganoid , which usually overlap like the 
tiles of a roof. The cycloid scales are marked by concentric lines. 
The ctenoid scales have minute tooth-like points where -they do not 
overlap. The ganoid scales have enamel-like covering and sometimes 
do not overlap. 



SEA HORSE 


K 1 . 1 . 313. .Snl.ol.i8* Nooptoryuii. Order Plectognatlii. Til© porcupine Bali hue 
tinl’ilH Minili.r to tlio ulobelHi. Wlicn iiiflutcd, the strong spines form a formiuoblo 
proton ive armour. Order Solcnichlliye*. The sou horao is u peculiar defonceloM Bah 
il.ut ile|>cii«|s for protection upon resemblance to surrounding objects. Tbo young ure 
cured for nnd the eggs curried in a pouch by the father. 

The unpaired fins are the median dorsal, the caudal and the anal. 
The pectoral and the pelvic fins are paired. The fins are the principal 
organs of locomotion and aid in maintaining equilibrium. In the 
flying fish (Fig. 314) the paired fins are large and are used as planes 
for gliding in air. s 

The scales constitute the exoskeleton. The cndoskeleton comprises the 
skull, vertebral column, ribs, girdles and pterygophores that support the 
tins. The skull includes the cranium and the visceral skeleton . The 
visceral skeleton comprises seven paired arches. These are homologous 
with the cartilagenous gill arches of the shark. The first is the mandi- 
bular arch ; its dorsal half, the p al at o. p ter y go. quadrate, forms the 
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upper jaw. Round the ventral half, Meckel's cartilage , the three 
bones dentary , angulare and articulare of the lower jaw are formed. 
The second is the hyoid arch and forms a support for the tongue. 
The following four arches have each a gill. The vertebrae are amphi - 
coelous. In addition to the dorsal neural arch , each caudal vertebra 



has also a haemal arch ventrally surrounding the caudal artery and 
caudal vein. The pectoral girdle is composed of several bones. .Segmental 
muscles or myotomes alternate with the vertebrae and uic separated 
by delicate septa of connective tissue. 
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In the buccal cavity small conical teeth are employed in firmly ^ 
securing any slippery prey and not for chewing. There are no salivary 
glands but the buccal cavity is rich in mucous glands. The pharynx 
continues behind as the stout oesophagus with the stomach doS * 
behind. A short coiled intestine leads to the anus. The liver and 

gall bladder lie in front of the stomach. 

The circulatory system is essentially the same as in the shark. It 

eomprises a two-chambered heart, ventral aorta, four afferent and 
efferent branchial arteries, dorsal aorta and veins. 

The gills are the principal respiratory organs. Each gill is composed 
of a double row of gill filaments. The gills are enclosed in a 
common gill chamber beneath the operculum. Bony fishes have 
thin-walled air bladder (or swim bladder) dorsally in the body 
cavity. The air bladder is filled with air or gases like oxygen, nitrogen 
and carbon dioxide. The air bladder serves as an accessory respiratory 
organ and also as a hydrostatic organ. In the lungfish (Dipneusti) 
the air bladder becomes lung-like and is filled with air, that is gulped in 

by the mouth . 

Paired kidneys constitute the excretory organs. Paired ureters 

lead behind into the urinogenital sinus. 

The nervous system and sense organs arc very much like those 

of the shark. 

Locomotion.- Most fishes swim by the lateral waving movements 
of the tail and of the caudal fin. The paired fins serve to maintain 
the balance and in steering-changing direction. The backward ejection 
of water from the gills acts as a jet propulsion mechanism and thus 
drives the fish forward. 

Food.— Fishes feed upon aquatic plants, small animals or dead 

and decaying matter. Some are predaceous. 

Economic importance. - Fishes constitute an important source oi 
human lood. Fish oils arc used as oil paints, insecticides and medicine. 
Glue is also manufactured from fish wastes. Some like the top-minnows 
destroy mosquito larvae and thu^aid in malaria control. 

Resume 


I. Cloiidrichthves . . 

) The i Tiondriclit live, include the -hark., rays and eh.maeraa. They represent 
tht* l«.\vi-st li* »ng wrlobrAlM*. , 

2. The skeleton is wholly .•■.rtilasenous. The akin is covered by placed scales. 




II. Dog fish 

3. Scoliodon is the common dogfish shark of India T* 
widely distribuHd in the tropical seas It has five pairs of gill slits? p^iredTctoraT 
and pelvic fins, two mod, an , unpaired dorsal fins and one median venfrnl fin The 
caudal fin is heteroccrcal. The fins serve os locomotor apparatus ” 

with . COna, inClUdea ■ J - 8hnped — * «-** in.ea.ino 

fl The circulatory syatcm includes « sinus venoaus and a two-chambered 
heart that wholly contains venous blood, which it pumps only to .ho gills Tho 
dorsal uorta is tho main distributing trunk. r * ^ 9 g . ine 

functio 6 ... T, ‘° ei "“ ,hC rCapi, “ t ° ry 5J^y^JKidnoia_ E& rform^ae excretory 

. , ", .«•? .»»“• ore se P Q rato^ Fertili zation and developmen t are internal • 

the shark is viviparous. v jrrrrt “ x 

8. Tho nervous system is built on tho some plan as in the frog. Olfactory 
sacs. eyes, cars and lateral line canals constitute the special sense organs 

111. Osteichthyes 

!). Tho O.toichthyes comprise mainly the bony fishes. They ore divided into 
the I'alaeopt.Tygu, Neoptorygn and Crossoptorygii. 9 into 

10 . The body is stream -lined as an adaptation for swimming. The senles 
are eifhor cycloid, ctenoid or ganoid. * c "cans 

"• .'he gills aro enclosed by tho operculum. Many have air bladder, that 
serve as accessory respiratory and hydrostatic organs. 8 ,,,nl 




CHAPTER XIX 

AMPHIBIA 

CHANGE FROM AQUATIC TO TERRESTRIAL LIFE 

Amphibia. -The Amphibia represent the transition between the 
aquatic fishes and the terrestrial reptiles. They are equally at home in water 
and on land. A few are permanently aquatic but the others live in the 
neighbourhood of swamps, marshes or other bodies of water. They spend 
their larval life entirely in water. . 

Characters.— 

1. Body mostly naked, not covered by scales, feathers or hairs; skin slimy 

and moist. f 

2. No fins. Thore are two pair* of LIMBS ; four or five toes which are ofton 

webbed. 

3. Paired external naros open into the buccal cavity; nasal cavity used not 
only in smelling but also in hroatliing. 

•I. Ear drums external in frogs and toads. 

G. Skeleton lurgoly bony. Occipital condylo two. Ribs nbsont, if present 
not articulated to the sternum. 

6. Heart three-chambered and with l -3 pair* of aortic arches ; red corpuscles 
nucleated. 

7. Respiration by gills, lungs or skin. Vocal cords in frogs and toads. 

8. Body temperature variable. 

!). Forilizution external in water; larvoo aquatic. 

The Amphibia arc of great biological interest because in the life- 
history of many of them arc illustrated the modifications in the change 
from an aquatic to a terrestrial life. The development of the fish-like 
tadpole for example is a brief and simplified summary of the changes 
undergone by Y-nebrates in the ages past in the course of evolving into land 
r.niimls. 

The change from the aquatic to terrestrial life involves modification of 
organs of I. locomotion, 2. respiration, 3. circulation and 4. reproduction. 

In water the animal is partly buoyed up by the water but on land 
the weight of the hedy has to be actively supported. The fins characteristic 
oi fishes could not function on land. The limbs serve not only to support the 
body but also to move it from place to place. 

The respiratory organ is essentially a thin membrane through which 
oxygen passes from the water into the blood. Since this membrane must be 
t moist, the land animals have entirely different respiratory system 
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The Amphibia arc not however wholly emancipated from , u 
reproduction still takes place in that medium P p , ’ because 

development are as in fishes. ’ Fer,lllzat '°» “nd early 

The changes in leaving the aquatic hahirar fx, _ 
be summarized as below : q f0r 0De U P on ,and may 

I. Limbs, ?. lungs, 3. double circulation * pulmonarv anH *•«.. • 

4. eyes modified for distant vision by flattening of the lens and 5. ear 

Comparison between fishe. and amphibian. - 

amphibians 


FISHES 

1. Body usually covered by scales 

2. Median and paired fins present 

3. No external ear drum 

4- Nasal cavity not opening into the 
buccal cavity ; “ nose ” serves only 
for smelling. 

5. No vocal cords 

6. No Jungs 

7. Heart branchial, pumps blood to 
the gills; contains no oxygenated 
blood. 


Body not covered by scales 

No fins ; 4 limbs (typically with 
5 toes) 

External car drum 
Nasal cavity opens into the buccal 
cavity ; “ nose » serves both for 
smelling and for breathing. 

Vocal cords present in many 
Lungs present •» 

Heart pumps bloqd.to the gills, 
skm or lungs and body as well ; 
contains both oxygenated and 

The Amphibia originated from extmcTcirossoFrp 
ages past the climate was warm, with heavy 2 T ^ 
by periods of droughts when the water of L Jf ! ' ' ^ folIovved 
lobe-finned fishes were thus compelled to mi. f?*** dr ‘ Cd “ P ’ The 
of fresh ponds. Instead of knaZSZL IS “ SMrch 

lingered more and more on the bank, devouriLT'"’ *° me ° f them 
fins Thus came ,0 be gradually modified int Q l egs IndTr ‘° bed 

fishes became amphibians These early forJ and ,he Crossopterygian 
extinct SUgocepholia. In addition ,0 the steeocenh.r* ^ preSented b y 
Amphibia include also the rare leeless P ?* ’ fr0gS and toads > ,he 

lizard-like salamanders and newts. ’ rrow,D ®» s nakc-like Caecilians, , 
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TVLOTOTRITON 


Fio. 315. Amphibia-Urodeln. Proteus lives in waters of doep caves in Europe 
and is blind ; its eyes are buried beneath the ekin. Tf/lo triton verrucosus, \*ck* g.lle m 
the adult. It occurs in the mountains of Y unnnn, Knkhyen Hill*, Sikkim. [Ajier 
lionlenqer). 
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\ / SIREN 


Ku*. 316. Amphibia Trodola. Amphiuma the - Congo-cel *’ occurs in swamps 
anil feeds on small liih. •'lellfiN*., etc. Siren tho “ Mud-eel * r from America occuf® in 
muddy pools. ‘ 
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Classification. — 475 

Class AMPHIBIA ( = BatracIiid). • 

Subclass I. APSIDOSPONDYLl - 

•S ..pLur a sS?Si Fi f T,M,inPt f ° rmS , ' nCrSlr '" IO ,hPr ' P,il '*- 
urostyl. present. »-rk ; hindlof. for j, m , p ,„ p . 

A n u r a . F rogs and toads. 


Order 
Family I 


Family 2. 

Family 3. 

Family 4 . 

Family 5. 

Subclass II. 
Ordor i. 

Family 1 . 

Family 2. 
Family 3. 

Family 4. 
Family /I. 

Family G 
Order ii. 


Disooglossidue. Old r 

ZZ ,r T ,a ,on r 8 -5£ * nd «“—»!*- w 

5 - eon.,. E ,„ mpl( . : 

' VilhOUt »-«■ . «•<<" »or,y. Exnm P lo: 

to,. ox P , inlo 

KMT---.. * 

Sr '£33 r £; : “” f » ■— * 

as^sr* 

SBsssriSw*^' A „ h , 

wnsssaras:' 

555 ^^ <g«g Jaap- - - 

in burrows, muddydiVcw" m " d 001 ,Fi «- 3, «J- from N. Amorim 

2B» 


in moist and tempente r^ons^' No^h ‘fou^ b “' ^ m ° S ' abun<lan ‘ 
Cryplobra nch us, Amplnuma, Siren and Pipa Z t “ ' SCa ’ 

The salamanders and caecilians live in burrows ’ qUaUC ’ ** arborCu1, 

The Amphibia cannot tolerate extreme 
hibernation during winter and aestivation A • ° f C,,matc and rcsorl to 
periods of suspended animation the bod? 1 * SUmmCr ' During lhcsc 
heart-beat very much retarded and\ ™ ° odl ^ ire slowed down, 

gradually utilized. stored-up reserve of glycogen is 
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The midwife toad of Europe carries the strings of eggs on his legs till 
the tadpoles hatch. Pipa carries her eggs in pockets on her back. 



URAEOTYPHLUS 


Fio. 317. Amphibia-Slog 
fossil amphibian !» 
female const...* U »• burrow 


cepl.alia : Labyrialhodonti A : F.ryops a crocodlle-like 
Cynmophiona (Apodn) : Iohthyophis glutinosui. l * 
soft mud loading from a pond. She lays •6JV" 

- -the mountains 


frmalo const. u< ts . burrow ... soil mua loou.ng irom a po.m. 

this burrow, cols her,. If round and guards them It occurt » the mountains 

Of coylon. MnMwi-. K.«tcm Hlmuteyw. Bm wm. 8 ““jjj*3£j d Bco|e8 


.1 .tvn ( After Sara •'in ) I ra- j'yphhts oxyurus occurs in Malabar, 
arc imbedded in the skin. Body cylindrical. 


The amblystomas arc of great interest. They give rise to perennial 
larvae, that live for over twenty years, reach adult size and even breed. 
Reproduction by a larva is called paedogenesis. The condition in 
which the larva becomes sexually mature, without metamorphosing into 
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tin. 318. Ainphibiu-Uiodelu 4..// . 
inamler of Xorih An erica 1 ho ,, i a,ot . ,ia ^ffrinum ||i v tiuor an.»n««l 
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I iu. 3 IB. Amphibia-Salientia. Bufo melon , , , 

J anu/ii.clus, tbc common JmJiuu iou«l. 
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the adult is called neoteny. The larva of AnMystomn tujrinum was 
formerly supposed to be distinct species of animal and named A. col ill, 
but its true nature was discovered when the axolotl underwent metamorphosis 
and became the well known Amblysloma tigrinum. The thyreoid gland 
is believed to be responsible for controlling the metamorpohsis in these 
animals • The axolotl can be experimentally induced to undergo metamorpho- 
sis. 



!•*!„ 3-20. Hula Iho tree frog has adhesive discs on tho tips of lingers and toes us 
adaptation for climbing trees. 

The amphibia arc almost without exception beneficial, because they 
destroy large numbers of noxious insects. Some like the frogs are also 
useful as human food or as fish-baits. 

Resume 

1. The Amphibia represent the transition between the aquatic and terrestrial 
vertebrates. 

•j. Although limy cun live both on land mid in water, tho amphibians uro 
n..t. completely emeu* iputed from tho latter medium. Thoy havo to return to it 
for breeding. 

3. Tho heart is thrcc-chambercd and in tho single ventriclo tho arterial and 
venous streams are mixed. 

4 Respiration is by gills, skin and lungs. 

5. The Amphibia descended from ancient Crossoptrygion fished. 

«. The Amphibia are Ftibdividcd into the orders Anura, Urodelo and Apodu. 

7. Amblystomn often gives rido to perennial nootenio larvae called Axolotl 
lb \t retain gills but reach sexual maturity and breed. Under suitable conditions 

metamorphosis is completed. 




CHAPTER XX 

REPTILIA 

of the adult aids id preventing loss of moisture from the skin. V C ° Venn8 

Characters. — 

1. Body covered by dry (no! .1^) horny akin. » ilh 
- oingle occipital condyle. 

3. True sternum present. 

4 . Ribs attached to st-rnum. 

paddles in aquatic reptilc^nd^Un^nakc.)! ‘°** ’' ndin * l,orn >’ ul «»» (modified na 

SZ&SF iS«s«L25 

J; , li : i ,| ;' r ,' li, ’ n •j™*? b r functional gi| ls never pttami . 

,n of w.,», m ..ch „„n. 

^ « •»-» of embryonal .nv.lopea_am„ie„. 

P"o.ii L ^ OUD P >n an advanced elate and resemble the adult. .Vo 

.•'“Prf ta*. ,b, ^2, rf’vZ'. 0 " LT“i bt, '“ d " 

less than in amphibia owing , 0 the nearly C0[ ! , be ‘ ng much 

ventricle into a right and a left half c • , , ° P ete se P aration of the 

certainties of ,he 8 sperm finlg Ve ovTm * abum 

young in an advanced stage minimizes mortality ' he ° f ' he 


480 


INTRODUCTION TO ZOOLOGY 


Structure. -The main structural features of the reptiles are as 
below : 

The auricles are two as in the frog but the ventricle is also divided 
into two by an incomplete - septum. The heart of the crocodile 
has the ventiicle completely divided. The venous blood that returns 
to the right auricle passes into the right ventricle and from there to 


rt. auricle 


pulmonary 

artery 


rt. systemic 



left auricle 


ventricle 

left systemic v ~ 


■dorsal aorta 


Flo. 321. Heart u:id u*K»ciiitvd blood vessels of a roptih*. Tho vurtrirlo is 
incompletely l'onr-clmmbero>l. TI 10 right systoinic arch (iris'* from tho loft vontricle. 

From tlu) right voutri h* oriv t tho pulmonary artory convoying tho venous blood 
to tho lungs. There is ulso .1 loft systemic arch arising from the right vontricle > ond 
joining with the right urcli to form tho dorsal aorto, in which tho venous and fresh 
streams mix. Tho carotid arise from tho Tight arch and convey fresh blood to tho 
head. 

the lungs. The oxygenated blood returns from the lungs to the left 
auricle, thence to the left ventricle. From the ventricle it flows through the 
aortic arches to the dorsal aorta. The venous and oxygenated bloods 
mix to some extent iu the incompletely separated ventricle but less so than 
in the frog. In the crocodile both the left aortic arch and the pulmonary 
artery arise from the right ventricle, so that here also there is some 
mixing of the two streams. Both renal portal and hepatic portal systems 
are present. The bronchi arc highly branched and the alveoli of the 
lungs are more numerous than in the amphibians. V- 


REPTILIA 48 1 

The brain has a cerebral cortex, not found in the frog. The 
cerebral cortex serves as a higher association and co- ordination centre. 

Classification.— The Reptilia are divided into six subclasses : 
I Anapsida, 2. Ichthyopterygia, 3. Synaptosauria, 4. Lepidosauria, 5. 
Archosauria and 6. Synapsida. 

Subclass I. ANAPSIDA 

Order 1 . cotylosauria. Stem reptiles. Extinct. Example; Diudectcu. 
Order 2. chklonia. Body broad, enclosed in "elioll” of dorsal carapace 
ami ventral pluatron. Thoracic vertebrae and ribs fused to shell. 
No tooth ; juws horny, taarino or fresh. water. Exumplcs : 
Tortoises, turtles. ; 

Subclass II. ICllTIlYOPTERYGIA 

Order 3. ichthyosauri a. Marine fish-like, extinct Ichthyosaurus. 

Subclass III. SYNAPTOSAURIA 

Order 4. sauuoitkkyc.ia. Marino, extinct Plesiosaurus. 

Subclass IV. - LEPIDOSAURIA 

Order 5. 'fill ynciiocki’II alia. Lizard- like ; with ubdominul ribs. Example: 
Sphenodun tuatura. 

Order 0. sqvamata. Horny epidermal scales. Vertebrae precocious. 
Quadruto movable. Anus transverse. 

Suborder i. L u c q r t i I i a ( — Suuriu). With four limbs, rarely reduced or 
absent (Fig. 323), Mandible* fused in front. Tongue not forked. 
Examples: Lizards, chumeloon (Fig. 322) Varan us monitor 
Hclcderuia Gilu monster (Fig. 325) Anguis slow worm— "limbles*” 
lizard (Fig. 323). 

Suborder ii. S c r p c n t o h ( ■ Oplwdia). No limbs, tympanum, sternum or 
urinary bladder. Mandibles joined by ligament in frent. Right 
lung reduced. Tongue forked and protrusible. Examples; Snakes. 
^Subclass V. ARCHOSAURIA 

Ordor 7. ckocodilia. Powerful jaws with conical teeth. Four limbs with 
clawed toes. Toil long and compressed. Thick and leathery 
skin with horny scutes. Heart 4-chombercd. No bladder. 
Examples : Alligators. Crocodiles, < SaciaUt . 

Order 8 . PTKROSAUK 1 A. Extinct lljing Uham phorhynchus (Fig. 33C) and 
Pteronodon (Fig. 330). 

Order U. saukisciiia. Extinct dinosaurs. Examples : Brontosaurus, 
( Pig. 331) Diplodocu*, Stegosaurus (Fig. 333) Trice ratocc jut 
(Fig. 331) and Ijuanodon (Fig. 332). 

Subdues VI. SYNAPSIDA 

Order 10. .“KLYCOsauria. Extinct carnivorous forms from which the m ini- 
mal* descended. Examples: Dimelrodon (Fig. 330), Cynognathu.s. 

SOME LIVING REPTILES 

Cbelonia.— The tortoises and turtles are protected by a hard shell 
consisting of a dorsal carapace and a ventral plastron. When threat- 
ened with danger, the head, neck, legs, and tail can be drawn into this 
shell. The shell is made up of several plate-like bones closely sutured 
to one another and often covered by definite patterns of homy scutes on 
the outer surface. The thoracic vertebrae and the ribs arc generally 
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482 The jaws lack teeth but have horny sheaths 

fused with the carapace. The ia 

for crushing the food. Respiration is by lungs 

Chelonians live both on lan ion of the lungs, the 

and since the shell prevents of lhe neck and legs. Some 

: irsi - - - — - - *• * “ 
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CHAMELEON 


fTo 922. Order Chel-nU tuMto. Order Sqvjmmtu -O”* 0 ". 
of eius They can remain under water for a considerable penod. tggs 
in no.,. in ii, ground. Tnriio. - «»» “ 

America. Some of them are large and weigh nearly 4°° »»»• > 
turtle weigK 1000 lbs. They attain an age of nearly four hun ^ ^ 
\jtf£niata.-The squamata include the chameleons, It . ^ 

They are characterized by the scaly covering that is fuM&fy 



ROPTILJA 




DRACO 


toes adapted for running over 
n south oastorn Asiu ami ICast 
>ay and arc covered by a 
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In the lizards the scales peal off in pieces but in 
scaly covering comes off at one time. 


the snakes 


the entire 



Chameleons arc arboreal forms with a long prehensile tail that is 
used for coiling round branches It cannot easily break off and if broken is 
not regenerated. The tongue is peculiar : it is club-shaped (Fig- 3 22 ) 
and is provided with a sticky secretion. It can be shot out to about 
half a foot to capture insects for food. Chameleons are well knowp 
for changing colour. 
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monster of America. Its poison is as virulent as that of Ae A a a 

r* ; t zz 

- -^&£«5K , 1 s-s 

^ro’i-ir 1 <F “ * 

Snakes. The snakes are among the most highlv special i?e<\ nf ™ 1 

between L T ^iTLfhcW^ , TZ'nZ J 'iTZ 

forming ^d ^ 

joined and several of them can move one upon another Teeth a ° ' ° 5 . 

backward and arc present on the jaws and bone^ nn’.h r t pointcd 

They are used ,0 hold the food whi e beta" sw ° f ,hc ,kul1 - 

bite or chew the food but swallow * c pre/ 2 ? ~ 

have a pair of specialized teeth, the <• fangs ” on the wn Z 

Each poison fang is grotfved and- conducts the po son 77,7 

glands (Fig. 329 ). The tongue is peculiar : it is sZJa/ 77° 

the up. It can be protruded through a notch in the m A h T 3 ' 

the mouth is closed. The tongue aids in smeir “ a “ dlbIe cven whcn 

the lower jaw and the loose Tni Sfction WtETI&h bone ''^hZ 1° 

mouth .0 be opened very wide and the sna^Tan h ^s $ 7 

much thicker than themselves. There is nn , h swallow P re y 

Here is no sternum and the ribs are 
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I iper rutstli (Fig. 329) is the common species, about 5 feet long 
brown or light brown. The sublingual scales are in contact with the fourth 
or fifth infralabial, subcaudal scales divided and there are three series of 
large spots on the back. 



The deadliest of all land snakes is the rattle-snake Crotalu* from 
America. It possesses a series of hoUow epidermal buttons linked together 
to form a rattle (Fig. 329) at the tip of the tail. A rattling noise, often 
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audible twenty yards away, is produced by the rapid vibration of the ta.l as a 
warning of the approach of the rattle- snake. 
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‘ 11 is not alwa y s eas y ,0 distinguish a venomous from a non-venomous 

snake. The d.fficulty is increased by the fact that often harmless snakes 
have a surprising superficial resemblance to certain highly venomous species. 
Some species of the harmless Lycodon thus resemble the kraits. Other 
harmless snakes may similarly be confused with the cobra. The only 
reliable character is the presence of grooved teeth. 

Snake-bite and snake-poisoning. — Venomous snakes may bite but 
often may not cause snake- poisoning cither because the venom is not inject- 
ed or is in insufficient dose to lead 10 serious symptoms. In most cases 
flight itself gives rise to series of symptoms and even ends fatally, without 
the person having been poisoned by the snake at all. 

I resh snake venom is a yellow, odourless and tasteless liquid. It 
contains two types of harmful substances : one that destroys nerve cells and 
blood vessels and the other digests living substances. According to the 
eirect of their venoms on the victim two distinct kinds of snakes are 
generally recognized: i. Colubrine and 2 Vipcrine. The Colubrine 
snakes include the cobra, the hamadryad, the krait and coral snakes. The 
vipcrine snakes include all vipers. The colubrine venom affects the central 
nerves and causes death by paralysis of the respiratory centres in the brain. 
The vipcrine venom does not effect the nervous system as a whole but only 
the vasomotor centre. The heart and the blood arc also affected. Death 
results from paralysis of vasomotor centre, blood poisoning and bleeding. 

THE SYMPTOMS OF COBRA-POISONING ARE : 

1. The victim becomes gradually weak 

2. Gradual paralysis sets in the legs and the victim sits or lies down. 

3. The paralysis mounts gradually upwards to the trunk and head. 

4. Eyelids droop. 

5. Swallowing becomes difficult. 

6. Lower lip falls down and saliva dribbles from the open mouth 

7. Respiration gradually depressed. 

8. Heart and consciousness not affected. 

9. Death by respiratory failure. 

VIPER POISONING LEADS TO .* 

1. Reduction of blood pressure due to paralysis of vasomotor centre. 

2. Heart weakness. 

3. Blood often clots in blood vessels if venom is in large dose. 

4. Bleeding is profuse and persistent if the dose is not very large. 

5. The red corpuscles are destroyed. 

6. Death by loss of blood, toxemia and heart failure. 
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Efforts to cure victims of snake-bite have led to numerous irrational, 
fanciful and utterly useless practices. The so-called “cures” are not 
only worthless but often harmful and victims have been known to die 
of the “ cure ” before the venom could finish them ! The only sure 
and safe treatment is injecting antivenines. In 1887 Sewell discovered 
that repeated injections of minute sublcthal doses of snake venoms into 
pigeons gave rise to the appearance of an antibody in the blood of 
the pigeon. The bird thus became actually immune to a subsequent 
snake bite. In practice, horses arc immunized in this way to the venoms of 
different snakes. The blood serum of the immune horse is the antivenine , 
which if injected into a snake-bite victim destroys the venom 

Snake venom is used by savage men for poisoning arrow tips. 
The venom is also used in modern medicine as a cure for various diseases, 
for example, cobra venom relieves severe pain in inoperable cancer. 

Crocodilia. — The Crocodilia include some of the largest of the 
living reptiles. They comprise the lizard-like crocodiles, alligators, gavials 
and caimans. They arc wholly carnivorous and inhabit almost exclusively 
fresh-water lakes and livers in tropical and subtropical regions. Some have 
taken to the sea near the shore. Though they are very good swimmers, they 
spend a geed deal of their time on the shore. They generally breed on land. 

The body is large, with large head, powerful jaws bordered by 
numerous bluntly conical teeth. The four limbs arc short and end in 
clawed toes with webs between: five toes in front and four behind. 
The tail is compressed, long and heavy. Skin is leathery and is provided 
with horny scutes, often reinforced by dermal bones beneath. The car 
opening is small and is protected by a flap of skin. The external nostrils arc 
at the tip of the snout. The eyes bulge on the surface of the head 
above. The animal can lie just under the surface of water with only 
the eyes and nostrils exposed. The eyes are covered with lids. The 
nostrils and the car openings can be closed by valves when the animal 
dives under water. 

The tongue is flat and cannot be thrust out but it can be lowered 
and pushed back to close the oesophagus. This prevents the water from 
entering the oesophagus when the aoimal opens the mouth under water. 
There is a bony palate that separates the nasal chamber from the buccal 
cavity as in ourselves. The internal nares open far backwards into the 
pharynx. The lungs and heart arc located in a thoracic cavity separated by a 
diaphragm from the abdominal cavity as in mammals. The heart is 
also four-chambered ; two auricles and two ventricles. 
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The living Crocodilia are divided into three groups: i. Crocodiles 
and alligators, 2. Borneo gavials and 3. gavials of India. Crocodiles 
and alligators have broad and flat head, with few large teeth and incompletely 
webbed toes. The Bornean gavials have a moderately slender snout 
and better webbed toes than in crocodiles ; the hind toes are completely 
webbed. The Indian gavials are restricted to the rivers of India. The 
Ganges gavial has very long and slender snout, with numerous small, slender 
teeth and fully webbed toes. This is more completely aquatic than 
crocodiles or alligarors and feeds almost exclusively on fish. 

Crocodiles lay eggs in holes in sand or under stones or leaves. 
The female stands guard over her eggs. 

Skin of crocodiles and alligators are manufactured into fancy leather. 
Their eggs and flesh are eaten in some countries. In Africa and India 
crocodiles cause a number of human deaths. In some parts of South 
America they are very destructive to cattle. 

EXTINCT REPTILES 

The reptiles occupy a very minor place among animals at the 
^ present time, but in the great past they were the dominant Vertebrates. 
They were the adventurous pioneers who invaded the land surface of 
‘ - the earth in the great dim past and made it inhabitable for future men. 

* They even invaded the air before there was any bat or bird. The story of 
the rise and fall of the mighty Reptilian empire on the earth is as 
interesting and perhaps even more sad than that of the Chaldeans, 
Chinese, Romans and Egyptians. The Reptilian history covers an 
unimaginably enormous stretch of time, which can only be written with 
nine figures — 300,000,000 years! This is nearly a tenth of the age of the good 
old earth itself! Springing from fish-like Amphibians over 300 million 
years ago in the Palaeozoic Era ( Vide Chapter XXV ), they became 
dominant during the long Mesozoic Era, appropriately called the ‘ Age 
of Reptiles *, and are now in decay. Group after group, legions after 
legions, of small, large or gigantic, elegant or frightful, spectacular or 
bizarre reptiles appear in succession during the Mesozoic Era, only to 
become extinct in their turn. A colossal calamity, of a magnitude 
simply unknown anywhere else, appears to have overtaken the mighty 
and ancient empire towards the close of this Era. 

A Great Ancestor of Man.— One of the oldest and truly the oddest- 
looking of all extinct reptiles is Dim$trodon (Fig 330). It belonged to 
the Synapsida which were destined later on to give rise to the mammals 
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including man. It existed nearly 220 million years ago. Dimetrodon 
was an aggressive carnivore. It was larger than a full-grown man and 
measured fully 1 1 feet long and not less than 7 feet high. 

It has rather an unusual feature, because of the presence of the 
greatly elongated bony neural spines rising upwards from the backbone 
and connected by skin, giving the truly fantastic appearance of a fully 
rigged ship. 



F 10 3>0. A t*r*ni iimvxtor of m.in. Dimetrodon or iho spined pelycosuuriun 
monitor, an iiurcs>ive curnivorr, 1 1 It. long and over 7 ft. bigH. Dato 220 Million years 
ago. {Author'' t orbjinu*. t>h tto »f a reconstruction in the Zoology Museum , St. John's 
College, Agra). {Hcprt.J»--td by the hind permission of the Editor, St. John's 
College Magazine). 

Dimetrodon ruled over a land devoid of beauty as we know it; 
without gay flowers and fruits, a silent world without singing birds and 
chattering monkeys. A vast glacial climate gripped what are now South 
America, Australia, South Africa and India, which lay under hundreds 
of feet of ice. His subjects were mostly cockroaches, enormous and 



•; ;reptilia 

.looking cockroaches, stout scorpions of a *>rt, clumsily M. 
5S and giant ungainly and hesitating dragonflies over two feet 

He levied a heavy toll on them. 



Fxo. 331. lirontosaurus. 


• iVmA.tv —Perhaps the most spectacular monsters of 

« « 

, y the .mmortal creator of S , he Thccodo n, Reptiles and 

million years ago ^ - animals . Among the dinosaurs we meet 

i00 " T 'LVt Of T and animals of all times. Some of .hem were 
W ‘ , nTe 87 fee, long and tipped the scale at 50 tons ! Others were 
r,onS’ S -In /pariah dog. Certain of the dinosaurs were 
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carnivorous the but rest became pious converts to vegetarianism. The early 
herbivorous dinosaurs stood or jumped on their hind legs, but later on, 
protesting against such new-fangled most unreptilian bipedal fashions, several 
of them reverted to the respectable old four-fcoted gait of their fore-fathers. 



Fin. 332. Ignanodon, l In* lirst of I Ik- ureal dinosaur# to be dincororod, stood If»' 
hiub on ils hind leu-* It b**<*aiiK* extinct abo-it 1 'JO million years ago. (Original photo • 
graph 0/ a rr^on.irhulioii in the Zoology M nation, St. John’s College, Agra). 

Itjmt notion (Fig. 332), the first of the great dinosaurs to be discovered, 
stood nearly 15 feet high on its hind legs, very much like a giant 
kangaroo. While running, which was its normal mode of locomotion, 
it touched the ground only now and then with its fore feet. It was a 
herbivorous dinosaur, with powerful tail and hindlegs. The fore feet 
were provided with five fingers, of which the thumb had an enormous 
claw, at least one foot long ! The hind feet, which had only three toes, 
were very much like those of a bird, which are in fact believed to have 
descended from an ancestor not very much unlike the Iguanodon. The tail 
served as a balancer and emergency stool along with the hind legs. 
Complete skcl-.ion>, nearly 80 feet long, of twenty-nine Iguanodons were 
discovered in a coal mining village near Brussels ; a mass grave of a herd 
of Iguanodons, which had probably been carried by a current into an 
ancient whirlpool. Iguanodons flourished during the Upper Jurassic and 
Lower Cretaceous epochs, estimated over 120 million years ago. 


Monsters with Duplicate Brains.- Another herbivorous dinosaurian 
monster, which was a contemporary of Iguanodon, is the sauropod reptile, 
Brontosaurus (Fig. 331) meaning ‘thunder reptile’ with reference to 
the noise it is supposed to have made while walking, the fossil remains 
of which were discovererd in the Upper Jurassic rocks of Wyomin- 
and Colorado in North America. Unlike Iguanodon, Brontosaur us 



FlO. 333 Stegosaurus, n giont created dinosaur, mcnsurod 18-30 ft. lone nn.l 
t ft I l«*r limn un olophant. Double series of lur«o wodire.ahanod dermal g f l u 

r >r 'y u - 

reconstruction <n the /Zoology Museum, St John's College, Agra). J P • t >’ogtu,>i, oj 


did not believe in standing on two legs ; it was a respectable quadruped, 
with five hoofed digits on each limb. Its size was about 60 feet. It 
had a long slender neck, at the end of which was a ludicurously small 
head, enclosing a minute apology for a brain. It has been very often 
suggested that it must have been a denizen of the coastal marshes and 
that it probably fed on the luxuriant water plants, walking comfortably 
on the bottom of the lakes, with only its head out of water. 

A remarkable feature of this giant was the fact that it had a second 
‘ bram ’ in lhe hi P rc S ion in the shape of an enormous swelling of the 
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spinal cord, as if to compensate for the shamefully minute size of the 
brain in the head. Despite its double brain it must have been an 
extraordinarily stupid creature for its size. It was an easy prey to 
carnivorous reptiles. 

Armoured Giants. -The slow moving herbivorous quadrupeds 
were thus at the mercy of the carnivorous and nimble-footed Ornithischian 
reptiles. They were therefore in need of some sort of armoured pro- 
tection against their enemies ; thus came the armoured dinosaurs. 
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* to veer round and the enemy was in danger of being impaled. The 
fore limbs were shorter than the hind ones; they had five hoofed 
digits. The skin was studed with hardened armour plates. 

Another armoured extinct monster is the giant crested dinosaur, 
SOgosaurus (Fig. 333), which presents a truly bizarre and a most grotesque 
appearance. It was nearly as high as a full-sized bull elephant and measured 
18 to 30 feet long but with a ridiculously small head. It was indeed 
all brawn and no brain : it has in fact the distinction of having possessed 
the smallest brain amongst the land vertebrates. Like Brontosaurus it 
also boasted an ersatz brain in the hip region. 

The most remarkable feature, however, about Stegosaurus is 
its double series of large alternating triangular dermal armour plates and 
spines on the neck, back and tail, supported inside by flattened neural 
spines from the backbone. The largest of the armour plates, nearly a 
yard high, lay above the hips and decreased in size both in front and 
behind. Inspite of this formidable armoured protection on the back, 
Stegosaurus was easily crippled by a flank attack. It probably fed 
on succulent plants. 'A ,v c Tf I ■ • rY-> \\ CX |v 

Reptilian Supremacy of the Air. — Springing from the primitive 
Thccodcnt reptiles in the beginning of the Mesozoic Era nearly 
250 million years ago, the Pterosauria or the flying reptiles gradually 
spread their domain in the air, flourished for nearly 200 million years 
and became extinct in the Cretaceous epoch. Two groups of pterosaurians 
are known : the Rhamphorhynchoids and the Ptcrodactyloids. They appear 
to have been chiefly flesh-eaters and probably roosted on coastal rocks 
and swooped down on their wings to the surface of water to catch fish 
by their elongated beak or jaws, much as our modern sea birds do. 

Jthamphorhynchus (Fig. 335) was a grotesque-looking giant flying 
lizard of the Jurassic epoch nearly as big as a man, with a 
long head and short body. The tail is rather long like that of a giant 
lizard. The fore limbs were enormously elongated, with the fourth 
finger very long to support an expansion of the skin in the form of a 
wing, which was attached behind to the thigh. As in the birds, its 
bones were pneumatic ». e., hollow and filled with air to give lightness to the 
body. The sternum or the breast bone had similarly a strongly developed 
bony keel projecting downward and forward for the attachment of the 
great muscles which worked the wings. The eyes were very large. 
The neck was slender and elongated, no doubt to facilitate the capture 
and handling of fish. The teeth were long, sharp and pointed outwards and 
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forwards, which was rather an unusual feature in a fish-eaung animal. * 
The hind legs were poorly developed and without douot the normal 
mode of locomotion was flight. It is difficult to understand how it got 
about when not in flight or how the “take-off” was effected from 
level ground. Some people believe that the animal shuffled clumsily 
about on all fours touching the ground with the three small 
fingers and the wings turned back. Because the hind legs were extremely 
poorly formed such a bipedal method of walking must have been impossible 
and probably the small toes were used in clutching and clinging to 
rocks. It must have rested hanging head downward much as bats do. 



Kiy. Ilham I'lrnl.iji'ib"*, a grotesque -looking flyiug li/.unl us big ns a man. 

Dali* I JO mill* m y v:r*. < . I ■••hora original pinto of a reconstruction in the Zoology 

St Jol ■ | yra). ( Reproduced by the kind permission of the Editor , 

St. John * C\ i'. ‘ W <•: •• i > 

The Pterodactyl* nourished about 80 million years ago, during the 
Jurassic epoch, and became extinct about 60 million years ago in the 
Cretaceous Era. They varied in size from small forms no bigger than 
a common house sparrow to giants measuring about 30 ft. In the Upper 
Cretaceous rocks of Kansas have been discovered the giant Pleronodon 
(Fig. 336), taller than a man and with a wing span of nearly 27 feet. 
The skull is elongate and has developed a curious-looking crest, extending 
backwards as much as the beak projects forwards and looking very much like 
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the matted and tufted hair of an Indian sadhu. Like Rhamphorhynchu*, 
1 teronodon had also many avian adaptations in its skeleton : the bones 
were pneumatic and a sternal crest was also present. It had a short 
tail and was undoubtedly better fitted for flight than Rhamphorhynchus 
It could make forced landings and also take off practically from anywhere. 



Fio 330. TI 10 liinnnvsr.liouded Ilyina mostvr I*teronod<ui . 27 fi. Ions.- nml 
13 ft. Iifch. Date 80 million y.-ors t Author 9 * original photo 0 / a reconst not »n »« the 
'oology Museum, St. John's College , Agra) {Hr produced by kind premia ■■■• of the 
Editor, St. John's College Magazine). 


The Fall of Reptiles. — It was the last of a glorious dynasty of 
flying reptiles and died out before the close of the Cretaceous epoch. 
The death of the Pteronodvn was not only the end of the flying reptiles but 
also marked the finish, once and for ever, of the reptilian ascendancy. 
Their supremacy disappeared for good and the world lost some of the 
most gigantic and the most spectacular of all animals. Birds and Mammals 
slowly gained ascendancy. 


504 


INTRODUCTION TO ZOOLOGY 


What brought the wholesale disappearance of so many different 
kinds of such powerful and wonderful animals ? No completely satisfactory 
explanation has yet been found for their extinction. Changes in the 
external conditions, especially as regards the distribution of dry land 
and water caused by the drifting of the continents, paucity of food, 
changes in vegetation, encroachment of natural enemies and diseases 
may have led to the extinction of certain monsters. They may have 
perished through civil warfare and rivalry among themselves. In many 
cases the race appears to die off from superannuation : the reproductive 
functions gradually decline in the race, much as in senescence of individuals 
and the race becomes extinct. One-sided or over-development in any 
direction, for example, excessive size, is injurious to the race and rapidly 
leads to extinction. 


Resume 


I. Reptilia 

1. The Reptilia arc the first vertebrates which became udupted for a completely 

terrestrial lifo. Their eggs, laid on land, are protected by a liord shell and embryonal 
membancs hko amnion. 9 

2. The circulatory system show, great advances over that of tho amphibians, 

by 'lungs fl * n ° r ° ° r C " C ° mp el0 y r •chambered and respiration is* entirely 

LcpidosamU. A&M I -*‘W« S r 1 Us' Syn.pto.auria, 

II. Living Reptiles 

and c™codil«! iVi " g r * P,il " C ° m| ' ri8C thc “T'oise-. !««rds. snakes, alligators 

as C o?ubrfno 0 .md®i^ r in“ TteVMmLr'inM.'d^'.h 0 th , 8 sn " k<-s nro clas< “''' 

Their venom parnlyMs theVe^nir r°*| th ? cobrQB - kr '“. t8 coral snakes- 

the heart and Mood odfho^ U ‘ e ™' n - V, P *r.ne ver o«n affect e 

snake bite is to inject ant i v in^e"ennn only ratlonnI trcalm * nt for 

III- Extinct Reptiles 

extinct R Thc ,t exthict 1 f " <,0,n . in,int vertebrates in tho past but mony havo bccorao 
species ‘like 0 ,„«,rada,, ^ 


CHAPTER XXI 

AVES-BIRDS 


Aves.— Birds are structurally very similar to reptiles: indeed they have 
been described as “ glorified reptiles. ” Reptiles and birds arc often put 
together in a single class Saurapsida. Feathers are almost the only 
distinctive feature of the class. All birds have feathers that clothe the body 
and insulate the heat. No other animals have feathers. The feathers 
arc in reality modified scales. Unlike the ordinary reptiles, birds are 
warm-blooded ” : the body temperature is independent and higher than 
that of the surrounding. 



Fio. 3it7. Subclass Archaoornithcs Archaeopteryx lithographica, tho lisurd.bird. 
tho fossil remains of whuh woro discovered in Solcnhofen lithographic limestone 
in Bavaria (Germany). It w.us of the size of a crow had a \orxg lizarddiko tail and the 
throe fingers of the wing— modified fore limbs— had claws. The jaws boro teeth as 
in lizards. (Drawn from a reconstruction in the Zoology Museum, St. John's Colltae 
Agra). . ^ * 


Characters.— 

1. Body covered by feathers. 

2. Tho foro limbs are modified as wings'. 

© _ 7** — — «4vn V iun9( 

3. The hind limbs are adapted for walking, running ofirehiiW or • 

The tibia and toes alone are covered by scales. ' P ■ 8 or 8W «“«‘»ng. 


Modern birds lack claws. 
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4. Skeleton completely ossified and often hollow and filled with air. 

5. Skull with one occipital condyle. 

0. Mouth a projecting beak ; modern birds are toothless. 

7. Stornura large and often with a largo keel. 

8. Pelvis fused to numerous vertebrae. 

0. Tnil reduced. 

10. Heart fully four-chambered. 

1 1 . Only the riyht aortic arch is preeont. 

12. Erythrocy tes bicon vex und with nucleus. 

1 3. No udnar y_b I adjlnr-— 

14. Only the left ovary present* - 

15. Cranial nerves twelve pairs. 

10. Fertilization internal..' 

17. Eggs rich in yolk and with embryonal membranes. 

Classification. — 

Class AVES. Birds. 

Subclass I. ARCll AKORNITHES. Extinct bird with three fincers ending 
in claws, separate inotacurpals, elongate tail and teeth in jaws. 
Example: Archaeopteryx lithoyraphica (Fig. 337) from lithographic 


Subclass II. 
Superordcr i. 

Superorder ii. 
Order I. 


Order 2. 
Order 3. 

Order 4. 


Example : 


stone of Jurassic rocks of Gcrmuny. 

NEORNITHE3. Fused mctucnrpals. 

onoNTOONATHAU. Extinct giant toothed birds. 

Hcipcrorni*. 

1AI AKOONATIMK. Large, walking, flightless and toothless birds, 
i'trulhioniformoj, Largo flightless birds without tho 
with pubic symphysis which is not met with in 
toes only two. Example : Strulhio camctus 

in weight, mule 


sternal keel ; 
other birds 

tho ostrich (Fig 338) 7 foot tall, over 300 ibs. 
incubates tho eggs, inhabitant of arid deserts. 

R h e i f ° r m e s. Flightless birds without sternal keel and 3 tecs 
Example s Hheat of S. America. 

? ‘ f ..° r m « * Flightless birds with un keeled sternum 

“", Jv„ry of.vSr ! ” **"“ " nd " l0 

reduced" 'll,,!' ‘ f ° r ', n u 8 ’ V" 6 * Hightlcss birds without keel ; 

reduced sternum and wing bones; which have bocomo extinct 
centuries ago. Example : Dinoniis the n.ons of New 


a few 
Zealand. 


Order 6. 


Order G- 


■short y .,X«ii t « l, | f0rn, °*-. Lnr *° birds with broad. 

. sternum, extinct for several centuries. Example: 
Aepyonus the elephant bird of Madnga9cor. P 


Superordcr 

Order 7. 

Order 8. 


nostrils at" the th» t a \ b \ rdS; ° ngf 8,ondorb ™k will, the 

four S’ »mg rudimoHUtry ; unkceled sternum; toos 

■ Example: AjUeryx the kiw, of New Zealand (Fig. 338) 

III. KEOGXATIIAK. Tnnfl.1... » * _ , ... ' * ' 


MTOGNATiiAR. Toothless modern birds with keeled sternum, well 


developed wings, py costyle, fused metacarpal*. 
S p h on i s c i f © r m o s. Wings modified 


paddi„. ; s,nnd i rect nnd ^by.^ 

Antartica (Fig. 339^ ' 1 ^ tho emperor penguin of 

^in^^lmlVrn^tn™,. 0 ’k^pT? n ° rrOW 0nd lo "? 


AVES— BIRDS 


♦ 




On ly the cook incubate, tb l ° D «"»■» and 
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I-ks. 33!). Milwl.i&s Xoornilh.M. Neognathuo. Order Sphenisciformes. Tho 
emperor penguin him a very restricted range and is confined to tho far Antarctic. 
Never once does it com*: on dr> I.n.l but when not swimming stands on ico. Tho wing** 
have become modified as p tddi.-s. Penguins live in groat colonies. Order Aasorifonnes: 
The swan is beautif ully adapted for swimming. 
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1 no heron 



tbo common h 0,, H° crow J«i«r P.iworcs. Cor, ,,., splendent 

u nconrj n© * cond ue t?^ "** H ° « 
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Order 9. Pelicaniformes. Aquttic fish-eating birds with rudi-4- 
mentary nostrils, all the four toes webbed. Examples ; Pelicans, 
Cormorants. 

Order 10. Ciconiiformos. Wading birds with long logs and necks ; 

feed on fish, lrogs, etc. Examples : herons, (Fig. 340) storks, 
ibises, flamingos. 

Order 11. Anseriformes. Aquatic birds with broad bills and 
webbed toes on short legs. Examples : Anas ducks, (Fig. 339) 
geese, swans. 

Order 12. Falconiformes. Carrion feeders with stout beak hooked 
at tip, sharp curved claws for tearing flesh; scavengers; diurnal 
birds of prey. Examples : Falcons, eogles, vultures, kites and 
hawks (Fig. 342). 

Order 13. Galliformes. Ground birds with the feet adapted for 
scratching, short bill. Examples : grouse, partridge, pheasants, 
turkeys, domestic fowl, peacock. 

Ordor 14. Gruiformos. Wading birds of marshes, with toes partially 
wobbed ; long neck. Example : crane. 

Order 15. Columbiformes. Boak short, with soft thick skin at base; 

crop producing the so-called 4 * pigoon-milk ” for the young 
Examples : Doves and pigeons. 



Fio. 342. Subclass Xoornithes. Ncognathae. Order Falconiformes. Vultures 
have gruesome habits and feed on carrion. They have very sharp vision and can see 
deud bodies from an altitude »«f more than a thousand feet. 
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Fia. 343. 


J <! , n ‘>' B ; | Or»Ior Galliforrnofl • ’ tT 0 " 10 b?I,0V0 thom to h 0 L » r J OU8 ftrn ‘»'«-'<Nio„ 
fowl Uallus bankiva. ■ - ’ T,l ° common domestic fowH9^^y f ^ ,rco,v j , **-V n 
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Order 10. 

Order 17. 

Order IS. 

Order IP. 

Order 20. 
Order 21. 
Order 22. 


Cuculiformes Toes 2 in front and 2 behind ; not adapted^ 
for grasping ; tail short : fomale smuggles her eggs into tho nests**-- 
of other birds, which incubate them. Examples: cuckoo or 
koil. 


P h i t t o c i f o r ra o 8. Toes 2 in front and 2 behind and adapted 
for grasping ; beak 6tout and hooked ; fleshy tongue, may learn 
lo talk; plumngo brilliant green, red, yellow or blue ; voico loud. 
Example: parrots. 

Strigiformes. Nocturnal birds with largo eyes directed 
forwards and surrounded by radial foul hers ; short bill ; sharp 
claws. Example : Owls (Fig. 343). 

M icropodiformos. .Small birds with very short logs, 
pointed wings, tubular tongue. Examples; swift ; humming bird 
(wholly American). 

fonuiiformos. Bill strong ; 3rd and 4th toes fused 
basally. Examples : bee catcr, lioopoop, hornbill, kingfisher. 
Piliforme*. Beak stout and chisel-like for digging into 
wood ; rough and barbed tongue. Example : woodpecker. 

Passeriformes. Toes 3 in front and 1 behind adapted for perching. 
Most birds. Examples; swallow, crow, wren, robin, oriole, lark, 
sparrow. / 



KING FISHER 


F 10 . 341. Subclass Neognathno. Order Coraoiifojmes. KingGshor dives from 
stationary perch and catches fish with its beak. Tho fish is stunned by being boate 
against tho branch before swallowing. .. . 
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Structure 

external: The body is divisible into head, neck, trunk and tail. 
It is covered by feathers. A typical feather (Fig. 347) is composed 
of a quill , continuing as the shaft that bears barbs. The barbs bear 
barbules. The barbs lie parallel, so that the barbules interlock, 
thus forming a vane. When the barbs form a confused fluff we have 
a down feather. The feathers are not scattered at random but are 
distributed in certain definite feather tracts. 



vane 


-after feather 
superior umbilicus 


calamus 


inferior umbilicus 


Fio. 3»7. Wing feather of a bird. 

The fore limb is slender and modified as wing. It is covered by 
feathers; especially along the posterior margin the feathers make up t e 
surface of the wing. The hind limb supports the body weight when the 
is on the ground and is used in walking, running, scanching, gr P -■ 


INTRODUCTION TO ZOOLOGY 


516 

climbing or swimming. Typically it has four toes, three in front and ^ 
one behind. The thigh and more or less of the lower leg are covered 
by feathers The rest of the leg is covered by scales. This scale- 
covered part is thin and has no muscle but contains only the long tendons 
passing down from the muscles above to the toes. The true tail is 
short and hidden beneath the feathers but it bears a number of long 
tail feathers , which serve as rudder. 


uncinate process 



Fir.. 34 The skeleton of a bird is peculiar in many respects. A. The Yortobrno 
nro heterocoolous B. The ribs are reinforced by uncinate processes. C. The sternum ol 
Ilyins birds Ims a hup* bony crest or enrinn for attachment of tho greet pcctora 
muscles that move the wings. 

internal: The skeleton is rigid; many bones of the head, the 
vertebrae, ribs, etc., are fused. The vertebrae have heterocoelous 
centra : the centra have saddle-shaped ends. Each rib is braced by an 
uncinate process passing behind to the next. The bones are also light 
and contain air spaces. The sternum has a conspicuous keel or crest , 
from which arise the muscles that move the wings. 
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In most birds, especially seed-eating ones, the oesophagus is 
greatly enlarged into a crop. The stomach comprises an anterior 
proventriculus in which the gastric juice is produced, and a posterior 
gizzard in which the food is ground. Birds swallow small stones 
which help in this grinding. The intestine continues to the cloaca. 

The heart is large and is completely partitioned : there are two 
auricles and two ventricles. The venous blood from the right auricle 
Hows to the right ventricle, thence through the pulmonary artery to the 
lungs. The oxygenated blood returns by pulmonary vein to the left 
auricle. From here it flows into left ventricle and thence through the 
aortic arch to the dorsal aorta. There is only one aortic or systemic arch : 
it is on the right side. There is a well developed hepatic portal and 
a reduced renal portal system. 


aerminaldisc 



yellow yolk 


Flo. 349. Diogrom of tlio structure of a lien's egg ut tho time it is ile|»*rit« il. 

Lungs are connected to numerous air sacs among the muscles 
and other parts. When the bird is flying, the contraction of the muscles 
causes the renewal of the air in the air sacs and lungs. The bird thus 
breathes more easily when flyiDg than when at rest. 

The body temperature is rather high. It varies between 105 F. 
to 1 1 5 0 F. There is no urinary bladder. The urates pa** directly 
into the cloaca. Only the left ovary is present in the adult bird. 
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Birds have poor olfactory sense but well developed sense of sight. 
The large eyeball is proportionately larger than in any vertebrates. The 
sclerotic coat is reinforced by bony plates. There is a peculiar comb- 
like structure, the pecten of unknown function in the vitreous humour. 




y IO 3.*,n Early embryonic development of tho chick. A. First cleavage. B. E. 
Successive st. W * in the cleavage. F. Bastodisc at the ond of cleavage viewed from 
above. G. Wrticol section of blastula. H. Vertical aeciion of early gaatrula. 


Flight - Birds fly in different ways. In sustained flight 
they strike the wings downward and forward. After several strokes, the 
wings may be held motoinless. The bird then glides a considerable 
distance before the wings are again beaten. Some birds like the kites 
describe great circles at high altitudes > rising with each circle but with 
the wings motionless. This is the soaring flight. Others remain 
poised in air, beating the wings — they hover. 

Flight adaptations. - Every structural feature of the -bird is an 
adaptation for flight. The body of a bird is streamlined to reduce 
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obstruction in llight I he fore limbs are modified into wings. Lightness of 
body is achieved by the pneumaticity of the bones. Steering and 
balancing are effected by the tail feathers. 


Fi«i. 301. Djrs-il view of the ontirv chick embryo «*t about Hi hours 

Development 

the egg (big- 349) : 1° birds the fertilization is iiuern.il. 1 Ik 
ovum is fertilized during its entry into the oviduct. The ol 
a bird is thus really a zygote. As the zygote passes downwards, 
the albumen , the shell membrane and the shell are '-ereud 
around it- The upper part of the oviduct secretes the stringy albumen, 
which adheres to the vitelline membrane. The egg rotate ..s u moves 
downwards and the albumen becomes twisted into the chalazae. I he 
chalazae capture the further albuminous material that is secreted in 
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concentric layers. The shell membrane is added further downward in 
the oviduct and finally the shell is secreted. The structure of the egg 
at the time of laying is shown in the figure. 

There are two kinds of yolk : white yolk and yellow yolk. 
The white yolk is also immediately under the vitelline membrane. The 
chalaza serves to suspend the yolk in the albumen. The two layers of 
shell membrane enclose an air space at the large end of the egg. The 
shell is largely calcareous. It is porous so that exchange of the gases 
necessary for embryonic respiration is possible. 


Fio. 352. Dorsal view of tho entire chick embryo of about 24 hours incubation. 
Four pairs of mesoblttstic somites. 

The development of the egg that has been laid ceases unless the 
egc is kept at a temperature nearly equal to that of body of the mot er, 
that is, incubated. For this purpose the mother “ sits over ” the eggs or 
broods them. The eggs can also be artificially incubated at about 37 C. 
The egg fails to develop below 21' C. 
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Cleavage, Blastula and Gastrulation.- (Fig. 350) The immediate 
result of fe rtilization is repeated mitotic division of the zygote or cleavage. 
Cleavage takes place as the egg is passing down the oviduct. 

The large size of the egg is due to the great quantity of yolk or 
deutoplasm. Deutoplasm is inert, non-living material and therefore 
rakes no part in cleavage. The protoplasmic part is crowded as a tiny 


Fid. 333. Dorsal view of the entire cliick embryo of about 33 hours it.cub.ili 11 . 
with ubout a iio7.cn pairs of mcHobliistic soinitcK. 

blastodisc or germinal disc at one end, the animal pole , as distinct 
from the vegetative pole or the deutoplasmic part. Such a polar 
differentiated egg is called telolecithal ovum. The cleavage in such 
an egg is confined only to the animal pole and yolk remains entirely 
undivided. Such an egg is described as meroblastic. The result of 
cleavage is the formation of the blastoderm , a disc of blastomeres 
that floats on the yolk. The segmentation is thus discoidal . 

The centre of the blastoderm becomes detached from the yolk 
beneath, thus creating a space, the blastocoel. The margin of the 
blastod erm remains attached to the yolk. The embryo is now a blastula. 
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The blastula of the bird differs from that of the frog in not be.ng a 
hollow sphere. Further, the floor of the blastocoel is formed by the yolk. 

The gastrulation (Fig. 35°. H.) in birds is modified by the presence 
of a large amount of yolk. The narrowness of the blastocoel limits the 
extent of invagination. The cells of the free margin of the blastoderm 



3.1 1, s .m • IK li*. 333, but anterior part highly magnified. 

become tucked under or invaginated. The invaginated cells represent 
the endoderm , extending from the blastopore to the front of the embryo. 
The yolk forms ihc floor of the gastrocoel. During gastrulation the 
blastoderm itself slowly spreads over the periphery of the yolk. Anteriorly 
the lips of the blastopore fuse and thus give rise to the so-called primitive 
streak when viewed from the surface. When the egg is laid, gastrulation is 
already complete and the primitive streak is distinct in the hen s egg 

that has been incubated for 16 hours (Fig. 35 O- 

Archenteron. notochord and mesoderm. - The endoderm soon 
becomes organized into a continuous layer. The gastrocoel is now 
termed archenteron. In sections the embryo is removed from the 
yolk, which forms the floor of the archenteron ; therefore the archenteron on 
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slides looks as if it had no lower boundary. The notochord and mesoderm 
arise together. The former is first seen in the embryo incubated for 
about 20 hours, extending forwards from the Hansen's node or the 
anterior end of the primitive streak. The mesoderm arises from 
either side of the primitive streak and spreads laterally. Later it splits 
into two layers, one of which is the somatopleure and lies next 
to the ectoderm, the other is the splanchnopleure which lies next 
to the endoderm Between these two layers is the coelom. 



Flo. 355. Dorsodcxtrul view of tlio entire embryo of chick of about hours* 
incubation. 

Neural plates.— The ectoderm above the notochord becomes thickened 

into the medullary or neural plate. The neural plate then fol.l> 
longitudinally to form a neural groove. On either edge el the 

neural groove are ridge-like elevations or neural folds. Hie neural 
groove is deeper anteriorly than elsewhere. Finally the neural folds 
approach each other and fuse to enclose the neural tube, lying below the 
ectoderm. In the 27 hours old embryo the neural tube enlarges anteriorly. 
This part is destined to develop into the brain. The undiluted part 
of the neural tube develops into the spinal cord. The enlarged part 
shows three vesicles: prosencephalont mesencephalon and 
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rhombencephalon. The prosencephalon bulges out laterally to form 
the optic vesicles , that develop into the eye. 



ITo. 350. Dorsu>ini»irnl view of the entire embryo of chick o'f about 72 hour« 
incubation. . 


The Differentiation of Embryonal Field.— The blastoderm grows 
round and gradually spreads over the yolk. It is however only a 
small part of the blastoderm, immediately surrounding the primitive streak, 
that gives rise to the nerve tube, notochord and other organs. This 
part is termed the embryonal area in contradistinction to the 
outer-embryonal area. Although at first the embryonal area is 
directly continuous with the extracmbryonal field without any definite 
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^line of demarkation, they become folded off from each other at 
a later stage. The extraembryonal area is not built into the body 
of the embryo but contributes for the nutrition and protection of the 
embryo. 

1 he embryonal field becomes thick anteriorly and projects as a 
globose elevation from the general surface of the blastodisc. This elevated 
region marks place of development of the head In embryos incubated for 
about 22 hours it is bounded anteriorly by a crescentic fold. In 
about 24 hours the head projects freely from the blastoderm. Both 
ectoderm and endoderm arc involved in the outgrowth of the head. 
The endoderm projects into the ectoderm; this projection represents 
the fore gut, which is thus also the first part of the digestive tract 
to acquire a cellular floor. 

Embryonal membranes. — The embryonal membranes arc yolk sac, 
serosa , amnion and allantois. They arc embryonal organs that serve 
for protection, nutrition and respiration. Yolk sac, amnion and serosa 
originate in the extraembryonal field. Allantois develops from within the 
embryo. Like the ectoderm (originally the blastoderm) the mesoderm 
and endoderm also extend into the extraembryonal region. The splanchnic 
layer of the mesoderm does not form the floor of the gut but grows 
round over the surface of the yolk and forms the yolk sac. The 
absorption of the enclosed yolk is effected by the epithelium (endoderm) of 
the yolk sac The extraembryonal somatoplcurc of the mesoderm 
grows over the head and becomes doubled as the amni ot ic fold. The 
first indication of this becomes visible in the chick embryo incubated 
for about 30 hours. The amniotic fold or the doubled up extraembryonal 
somatoplcure gradually extends backwards over the embryo. On the 
third day in the caudal region also similar amniotic fold (of doubled 
up extraembryonal somatopleure) and lateral folds grow forward 
over the embryo. Finally the amniotic folds unite together, thus completely 
enclosing the embryo in the double membrane: the inner amnion 
and the outer serosa . The amnion encloses an amniotic cavity, 
filled with the amniotic liquid. The cavity between the seros.» and 
amnion is extraembryonal coelom. The liquid filled spaces serve to 
absorb shocks and also act as “swimming pools’* for the embryo. The 
serosa extends right up to the yolk sac stalk. 

Allantois (Fig. 357) first appears late on the third of incubation as a 
diverticulum from the ventral wall of the hind gut. It is lined by 
an extension of the embryonal splanchnoplcure and corresponds to the 
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urinary bladder of the frog. On the fourth day of incubation the allantois 
projects out of the body into the extraembryonal coelom and becomes 
enlarged at the free end. It is filled with the allantoic fluid — 
the nitrogenous wastes from the embryo. It spreads and finally on 
V the ninth day encloses the whole embryo, amnion and the yolk sac. 
It becomes rich in blood vessels. Its primary function is to ensure 
the supply of oxygen of the blood of the embryo but it also acts as 
a store for the excretory products of the embryo and further helps in 
absorption of the albumen. It is thus an extraembryonic bladder 
and lung. 



Blood vascular system —The heart arises as paired tubes toniuv. 
from splanchnic mesoderm. The tubes soon fuse into a single median t< ’ - 
connected with ventral aorta in front and vitelline veins behind. 
The median tube becomes bent and twisted on itself at about 3 ; b.our> 
of incubation and commences beating when the embryo has been incubate i 
fer 44 hours. The separation of the left and right chambers is completed in 
the first week of incubation. Six aortic arches appear at h r »• 1 hc 

first and second disappear on the third and fourth days ot incuba- 
tion. The third arch forms a part of the carotid artery. The iourth 
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arch disappears on the left but remains on the right as the systemic arch.' 
The fifth disappears and the sixth arch gives rise to the pulmonary 
arteries. The vitelline veins unite together and form the hepatic 
v ein. 

Hatching.— An embryonic ‘tooth’ or the hard horny tip of the 
bill pierces the shell and the young bird comes out. The embryonal 
envelops are left behind. The young of some birds like the fowl and 
duck are fully formed, covered by down feathers and are able to run 
about directly after hatching. They arc precocial. The young 
of songbird, pigeons, woodpeckers and others arc naked, blind and 
helpless when hatched. They arc fed and cared by the parents in the 
nest; they arc called altricial . 


Events during the early development of the chick 


i. 


3 - 


4 - 


EMBRYO INCUBATED I OR 1 2- 1 6 HOURS — 

(а) Primitive streak becomes distinct by closure of blastopore. 

(б) Gastrulation complete. 

(c) Archcntcron differentiated ; with a roof of endoderm and floor 
of yolk 

EMBRYO INCUBATED FOR 1 8-22 HOURS — 

(a) Notochord extends forward from Hansen’s node. 

(/,) Neural plate becomes converted into neural groove, with neural 


1 


7! 

1 

/ 


- r-» 


folds. 

(') Anterior end of the embryonal area projects above the general 
surface of the germinal disc, marking the site of differentiation 
of head. 

EMBRYO IMCUBATED FOR 24 HOURS— >-j 

(а) Formation of head. 

(б) Neural groove deepens. 

(c) Mcsoucim divides and coelom appears. 

(d) Pericardium differentiated. 

EMBRYO INCUBATED FOR 36 HOURS — 

(a) Neural groove closes to form the neural tube. 

(b) Neural tube dilates anteriorly to form the brain. 

(c) Primitive streak disappears. 

(d) Fore gut elongates. 

(e) Heart and omphalomesenteric veins appear. 


G l 
Wo 

A O^h . 



(/) First indication * of amnion. 
(?) Auditory plate develops. 
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) INCUBATED FOR 48 HOURS — 
y. he head region sharply flexed ventrally. 

'itelline circulatory channels completed. 

>' ,lood circulation begins : heart starts beating, it is a U-shaped 

tube. . 

* Amnion develops about the caudal region. 

/ First indication of allantois. 

4 BRYO INCUBATED TO 5O-55 HOURS — 

j) Head freed from yolk. 

6) Cranial flexure progresses far, so that the brain is nearly bent 
double on itself. 

; C ) Optic cup differentiated. 

( d ) Lens arises. 

(e) Fore gut advanced and differentiated into pharynx and oesophagus. 
(/) Stomodaeal invagination initiated. 

(1 7 ) Hind gut first appears. 

(/t) Visceral arches and gill slits clear. 

(t) Heart becomes looped. 

(j) Two pairs of aortic arches. 

(k) Dorsal aortae fuse into a single vessel. 

'. EMBRYO INCUBATED FOR 72-96 HOURS — 

(а) Amnion appears. 

(б) Four visceral arches and slits appear. 

(c' Appendage buds. 

(d) Allantois enlarges on the fourth day. 

(c) Eyeball defined. 

(/) Mouth opens. 

(g) Thyreoid gland develops. 

(/i) Trachea indicated. 

(t) Lung buds off from the gut. 

(j) Liver and pancreas appear. 

(k) Wings and legs become differentiated. 

(/) Gill slits open. 

8. ON THE fifth day OF INCUBATION -Cartilagenous elements ot the 
skeleton disappear. 

9 . ON THE NINTH DAY OF INCUBATION — 

(«) Feathers develop. 

(/,) Allantois completely fills the extraembryonic coelom. 
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10. ON THE TWENTIETH day of incubation— The beak of the chick puncture!* 

the inner shell membrane. The embryo breathes air. 

11. on the TWENTY-riRST day— T he chick hatches. 

Natural history 

courtship AND nest-building : There is more or less elaborate 
courtship among birds. The males have often brighter plumage. They 
can sing to attract the mate. After mating, the birds build nests. 
Both ihc male and female frequently take part in nest-building. The 
nests arc made of all sorts of materials. They range from crude 
olTairs of sticks, stones and other rubbish to highly skilful nests. Crows, 
kites and others build very crude open nests of sticks. The weaver 
bird (Fig. 346) and the tailor bird on the other hand construct very 
elaborate, neat and artistic nests of fibres or leaves. 

Plocevs philippinusy the common weaver bird of India, suspends 
its large and conspicuous nest of fibres (Fig. 346) from the tip of the 
slender -palm shaft or branch of the babul tree. Nest building begins 
with the onset of rains. The birds tear off narrow strips of leaves of 
grasses, palms, etc. These strips are securely wound around the branch from 
which the nest is to be suspended, till a long stalk results. The birds 
now expand the lower part of the stalk into a bulb-shaped hollow structure. 
An egg- chamber is separated off from the entrance tube. Up to this 
time, both the male and female have collected the fibres and helped 
each other in weaving. Henceforth, the female stays inside, while the cock 
goes forth for bringing more fibres. He works from outside and she 
works from inside, both thoroughly enjoying themselves, singing all the time. 

OrlhoioHtu ' sutoriusy the common Indian tailor bird, is remarkable 
for the skill which it displays in the construction of its nest. It actually 
sews together the edges of largc-si/.ed leaves to produce a cup, in which 
the nest is made of cotton. The female bends the leaf till the edges meet. 
She then makes a series of punctures along each margin of the leaves 
with her *harp beak. She now flies off to return with a strand of cobweb. 
She winds one e .1 of it round the narrow part of the leaf. The loose 
end of the cobweb is carried across under the surface of the leaf to 
a puncture on .he opposite side and attached. The rest of the punctures are 
also connected together in the same way. Cotton is drawn into threads, 
which arc pushed through the punctures and thus the leaf edges are 
firmly sewn together. The interior is then lined by cotton. It is the 
hen bird which constructs the nest. In the breeding season the tail of 
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ffee male becomes abnormally elongated. This tail may be an impediment 
to nest building or the fellow is too proud to work ; he may be merely 
lazy The poor wife does all the work ! 

In the horo-bill we find a wonderful example of husband-and-wife 
co-operation. The grotesque-looking hornbills, Atilhracoceras , show several 
peculiarities. When the nesting time arrives, the female enters a natural 
cavity in ihe trunk of a tree. She lays eggs in this cavity. The entrance 
hole is then almost closed down to a narrow slit by applying her droppings. 
The male feeds her through this slit regularly until after the young 
birds have hatched out. Finally the female hammers away with her 
beak at the entrance plug and escapes. Both the parents now take part 


in feeding the young. 

migration: One of the great wonders of bird life is migration. 
A great many birds shift regularly from one region to another with 
change of seasons. Latitudinal migration is north-south and 
altitudinal migration is from the plains to the hills. Migrating 
birds have well established routes, which they follow generation after 
* generation, travelling on “scheduled time”. During migration some 
birds keep close to the ground, while others fly high up. Many 
follow landmarks like mountain ranges, sea-coasts, etc., but others pass 
over seas. It is not understood why birds migrate. The migratory birds 
breed in the coolest part of their range and spend the winter in the warmer 
countries The koel migrates south io winter and returns to the 
north in spring. The Arctic tern is however the greatest migrant. It 
breeds in the Arctic Region during the summer in the northern hemisphere. 
W’nh the approach of winter it flies off south at about 200 miles per 
day to the Antarctic, where it is now summer. When it becomes 
winter in the Antarctic, it returns the same way again to the northern home, 


now in summer. Annually it journeys more than 20,000 miles. 

Relation to man - Birds and their eggs serve as food in all 
parts of the world. Bird feathers are used as ornaments. The feathers or 
the golden eagle are used for ceremonial head-dress by the Red Indians ol 
America. Ostrich feathers are valued all over the world for their 
beauty. Guano is an important fertilizer found on certain islands 
of the south Pacific, off the coast of Peru This consists of dried 
excreta of sea birds, deposited in layers often up to 100 feet thick. 
Homing pigeons have been employed from ancient days in army 
signalling. Several birds are of importance as scavengers. Some 
destroy injurious insects and arc therefore beneficial to agriculture. 
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CHAPTER XXII 

MAMMALIA - MAMMALS 





What are mammals? mammals are warm-blooded Vertebrates 
that possess a hairy covering on the body and mammary glands in the 
female for suckling the young with milk. They include man, monkeys, 
cow, horses, dogs, cats, bats, rats, elephant, whales, seals and numerous 
other « beasts ” or “ quadrupeds The great development of the cranium 
and cerebellum provides for a high degree of co-ordination of all activities. 
Mammals have great powers of learning and have retentive memory. They 
arc very much advanced over Reptiles io many respects, especially in 
the complete separation of arterial and venous blood streams and in 
development of the embryo withip the uterus of the mother. 

• f 


C TSn rich in gland-, c. g. sweat glands, aob.iocous gland-, -cent glands 
und inuinmnry glands. 

2. Muirs arise from tho -kin. 

3. Occipital condyles two. 

.1. Cervical vertobrao usually -even. 

• Tooth of different kinds and in -ockot- and uro replaced onco or twico. 

0. Kycs with movablo lid-. 

* 10a rs with external pfnno. 

Heart completely four- chambered with only tho left aortic arch. 
Erythrocytes circular biconcact disc- without nucleus. 

Muscular diaphragm separates tho thoracic chamber from the abdominal. 
Urinary bladder present and doc- not usually open into tho rectum. 

ro is usually no cloaca, tho reproductive and excretory ducts o,mi, 
outside and not into the digestive tract. 

. . a ; . I . 1 1 in 


testes generally in scrotum outside the 


8 . 

U. 

10. 

11. 

12. 'I here 
lircctly to the 

13. Mule copulatory organ penis 

ibdomon. 

14 Ovaries of both sides developed. 

, 6 ‘. Ova holoblwlic. minute and deficient in yolk, and without shell. 

10 Fertilization internal. 

,7 .Development in a special par. of the oviducl-tho uter.no embryo t.Ne.l 
,y 'placenta to the uterus for nourishment. 

Embryonic membrane. ; yolk sae. amnio... sorosa and allanto.s. 

10. Young nourished by mother’s milk. 

Skin.-The structure of the skin is very characteristic of mammals. 
It is composed of an outer epidermis and an inner dermis. «■ 
epidermis consists of several layers of epithelium. The deepcstlayc' h 
stratum germinativum or malpighium- compns.ng columnar cells, 
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produces new flat cells above. The superficial layers are horny and- 
compose the stratum corneum. Hairs, nails, claws and horns 
arc derived from the horny layer. The dertms is rich m blood 
capillaries, fat cells and nerves. The malpighian layer sinks deep into 
the dermis to form a deep pit, the hair follicle. The skin is covere 



by hairs 
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cortex 


sweat gland 


hoir follicle 
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Hairs.— Oken called mammals as %< hairy animals” because hairy 
covering is as much a distinguishing feature of mammals as feather is 
of birds. A •* hair ” is an unbranched epidermal structure, implanted 
in an invagination of the skin called the hair follicle. It consists 
of a bulbous root in the hair follicle and an elongate shaft. The 
root of tht: hair is enveloped by a root-sheath of double layer : an 
epidermal and on epithelial, and arises from a hair papilla in the 
bottom of the follicle. It is nourished by blood capillaries of the skin. 
Tiny muscles inserted at the base can erect the hair. The hair is composed 
of cornificd cells. The shaft of the hair is externally covered by a thin 
pseudocutic! e , h rmed of imbricating scales Beneath this lies a fibrous 
cortex of elongated epidermal cells. In the centre is the medulla. 
The principal function of the hair is to insulate body heat. As the 
hair follicles are provided with nerve-endings, hairs also serve as sensory 
structures. The sebaceous gland , opening near the upper end of 
the hair follicle, secretes a fatty substance which lubricates the hair and 
prevents it from becoming dry and brittle. 
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AJI the hairs are collectively termed the coat or pelage. The 
pelage varies in length, thickness, texture and colour in different mammals. 
It is very heavy in animals of the arctic lands and thin and short in 
tropical forms. Man, elephant, rhinoceros, hippopotamus and manatee 
are sparsely clothed with hairs. Whales have only a few bristles near 
the lips. Long sensory vibrissae occur about the nose and eyes of 
cats, rats and other animals. The quills of porcupines and hedgehogs 
are modified hairs. The so-called ‘-horn” of the rhinoceros is a tuft 
of fused hairs. 

Glands.— Another important character of the mammalian skin is its 
richness in glands. There are two kinds of cutaneous glands : sebaceous 
and sweat glands. The sebaceous glands are associated with hairs 
and open into the hair follicle. The sweat glands are generally not 
associated with the hair. They are simple tubular glands opening on 
the surface by numerous pores and much convoluted at the base, which 
secrete the sweat. The sweat regulates body temperature due to the 
cooling brought about by its evaporation from the body surface. The 
sweat is also an important excretory product. 

These glands, especially the sebaceous glands, are modified into 
the scent glands as in musk rats and deers and nail glands as in cattle. 
The mammary or the milk glands are however the most important of 
these modifications. The mammary glands arc the enormously developed, 
much branched and modified sweat glands. They are situated upon 
elevations of the skin known as teats. In some mammals the teats 
are both on the thorax and- abdomen : in others, as for example man, 
apes and monkeys only thoracic and in still others like the cattle only 
abdominal. In the male the teats and mammary glands arc rudimentary 
and functionless. 

Teeth.— The teeth of mammals differ from those of all other 
Vertebrates in varying widely in different parts of the jaws. The 
mammalian dentition is thus heterodont. The anterior teeth, called 
incisors , have sharp cutting edges. Behind them are the canines , 
typically round and pointed for piercing and tearing. The canines are 
followed by premolars and molars , provided with cusps for grinding. 
The incisors, canines and premolars arc preceded by milk dentition 
but the molars are not; they only grow late in life. 

The canines are absent in the herbivorus mammals like cattle 
and horse, leaving an empty space- the diastema— between the 
incisors and premolars. In some mammals certain teeth become very 
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long to form tusks. These are generally the enlarged incisors 
canines and are usually found only in the males. The tusks of the 
elephant are for example enlarged incisors and those of he W ^ 
the enlarged canines. Each mammal has a definite nun.be of ee«E 
expressed as dental formula. Ihe dental formula of man is I 3/3 

C P m, and M 3 3J half of bo,h ,he UppCI 

lower jaws there are two incisors, one canine, two premolars and three molars, 
thus making a total of 32 teeth in all. The dental formula of the 

cow is I o 3, C c c, P 3 3 and M 3 3. 

The teeth of mammals are implanted in sockets in the ]aws ana 

are therefore described as thecodont. There is also a succession of 
teeth The teeth which develop during infancy constitute the milk 
teeth, which fall off and arc replaced by the permanent teeth. 
Mammalian dentition is thus described as diphyodont. 

The teeth arc homologically the placoid scales of the shark. 
They agree in structure and development. In each tooth there arc 
three parts: 1. external enamel covered crown , 2. a root buried 
in the alueolus or socket in the jaw bone and 3. a neck between 
the root and crown. The crown has one or more cusps or tubercles, 
the number cf roots is also different. 

A tooth consists of a central pulp cavity , filled with connective 
tissue, rich in blood capillaries and nerves, surrounded by a hard 
bone-like substance, the dentine or ivory. The exposed surface is 


covered by enamel and the root by cement. 

Placentation.- Mammals differ from -all other animals in that the 
embryo develops within the uterus , a specialized part of the oviduct, of the 
mother. It derives nourishment and oxygen from the maternal 
blood. This mode of development is called intra uterine. The 
ovum of the mammals is minute, deficient in yolk and does not 
have a shell. It undergoes total and equal cleavage; it is thus holoblastic • 
The blastoderm becomes differentiated into an embryonal and extra- 
embryonal area. As in birds, the extracmbryonal area gives rise to 
the yolk sac, ainnion and serosa. The allantois develops from the 
hind gut, extends into the extracrabryonic coelom and encloses t c 
whole embryo. It becomes highly vascular and is closely applied to 
the serosa. The two membranes constitute the chorion. The cbonon 
develops externally numerous branched allantoic villi (Fig* 3^°)s 
which are richly supplied by blood vessels from the, embryo. The 
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amniotic cavity 


amnion 


allantois 


extra- embryonal 
coelom 


allantois 


allantois 


FlO. 3C0. Embryo of mammal with yolk sue, amnion, ullonlois ami sorosu ami 
showing the succeseivo stugos in the formation of chorionic villi. A. Diagram showing 
tho lurgo yolk sac and tho allantois pushing into the oxtru-oinbryoiiul coolom 13. The 
allantois has croatly enlarged and extended over the embryo, at the same time 
becoming closely applied to the serosa to from tho chorion. Tho villi uro uppouring 
externally. C. The ulluntois has completely enclosed the embryo, tho yolk sac 
amnion and tlic chorionic villi are comDlote. 
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villi penetrate corresponding depressions in the epithelium of the 
uterus. The intimate connection between the foetus and the uterine 
tissue is called placenta. The placenta comprises 1. the foetal 
placenta, formed by the chorion and 2. the uterine placenta 



FlQ. 361. Huiii'in cinl»-yo, 10 mm long, in situ within tho amnion and villi 
covered chorion. Not.- il .* hi‘-?« yolk sac and tho prominent tail (Original photograph 
of a specimen loaned 1/ If. St. C /« ‘udhary, Lecturer in Anatomy, Thomson Medical 
College, Agra). 


formed by the uterine epithelium. The foetal and uterine placentas 
are so intimately bound up together, that at the time of birth of 
the young, more or less of the uterine tissue is also torn off as decidua. 
There is no mixing of the foetal blood with that of the mother. 
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* 1 hc cmbf y° has ils own separate circulatory system. The blood capillaries 
of the loctal placenta come into intimate contact by intertwining with 


Kia. 302. Human embryo, 10 mm long, ago six weeks. .Note Hr- eb**i ion \\ n li 
its villi, the amnion, (ho vitcllo. intestinal duct, umbilicus cord, yolk > .«• and .-t ninny 
tail. (After Kollmunn from Oscar Uertwuj , Die Et entente fee /.' tic'cf.l ii otj s/t lire 
t/a Men sc hen u. tier II ‘irbeltiere. Oust av Fischer). 

the capillaries of the uterine placenta. Exchange of nourishment and 
oxygen between the blood of the embryo and that of the mother is 
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facilitated. An allanioidean placentation is characteristic of only 
mammals. 

Some mammals, like the duckbill and spiny anteater of Australia, 
lay eggs and have no placentation. In a few, like the kangaroo and 



Fi*;. H11111.il • is. | 1 A.iks old, mill nllmhcd to the plucentu m»d 

Mimii<>n hy the 1 I . •••!•!. • ’>nl /rfinto a y fieri me. n in the Zoology museum, 

St. John's Col ; «v . I 1 

opossum, the villi are ». .. o: are wholly absent. In all the rest 
of the mammals then* i> .» placentation. In horse, pig, hippopotamus 
and camel the villi .:>«_• uniform » present. In the cattle they arc irregularly 
scattered. In cats i -nlicr carnivores the placenta is zonary. Apes, 
rodents and man have d- C'idal placenta 

On the basis of ill- .n . .*n\ O wen, Huxlky, and Kolliker 

have divided the Vertebral 1 a-* \.w : 

I. Anamnia. Without .Imphnuruv, Cyi-lostomatu, Fishes and 

Amphibians. 

II. Amniota. With yolk sa«- n c.-.Unt, >*To~a and allantois. 
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A. Sauropsidn. Egg-laying amniotes. Reptiles and birds 

B. Mammalia With the exception of the monotremates, tho eggs develop 

within tho mother. r 

(a) Achoria. Tho outer envelope lacks villi or has verv few villi. 

Monotremates and Marsupials. 

(I>) Choriata. The outer envolopo becomes a villous coat. 

Mammalia non-deciduala 

1. With tho chorionic villi uniformly scattered. Porissodact via, 
Suidae. Hippopotomidao, Tylopidse, Tragulidne, Cetacea, etc. 

2. Placentalia. The chorion is locally transformed into placenta. 

i. Semiplacenta (of Strahl) With numerous cotyledons. 
Ruminants. 

Mammalia dedduala 

ii. Placenta /.onariu. Carnivores. 

iii. Placenta discoidea. Apes, Rodontia, Insectivora, (lying 
foxes, etc. 

The Mammals fall into throo categories according to tho modo of intra uterine 
nutrition of tho embryo : 

In tho first cotegory, to which belong only tho Monotrcmutu und tho Marsupials, 
tho oinbryonul envelopes aro mostly as in tho reptiles and birds. Tho chorion 
is smooth and lacks the villi, but being doeply imbedded in tho highly vascular uterine 
mucosa, absorbs tho necessary nourishment for tho developing embryo. In tho 
second group wo find a groater perfection of the intra-utorino nutrition. Tho chorion 
becomes rich in blood capillaries and a few villi aro dcvelopod. Tho utorino 
mucosa also presents finger like depressions, into which tho chorionic villi penetrate. 
This typo is met with in tho pigs, Porissodactylo, Hippopotumiduo. Tylopidao, 
Tragulidac, Sironia and Cotucoa. I 11 tho third oatogory tho intra-utorino nutrition 
roaches its greatest perfection. A largo number of highly branched chorionic 
villi ponotrato in a complicated inunnor into corresponding depressions in tho 
utorino mucosa. Tho Ruminants posses, a special typo of placontation. On tho chorsion 
are developed numerous, small, foetal plncontns called cotylodons, ofton varying 
from (10 to 100 as in sbeep and cow, of from only 6 to 0 as in tho goat. Tho cotyledons 
fit into corresponding caruncles or depressions in tho utorino tissue Tho placenta 
y.onaria is met with in tho Carnivora. Tho chorionic bag is barrel -shopped and 
with tho exception of tho two polos, tho villi aro present liko a girdle in tho 
middlo. Tho placenta discoidea is found in Insoctivora, Rodcntia, flying foxes, 
n pcs and man. Tho purt of tho chorion that develops into tho pleoonta is horo very 
small, hut tho villi aro tho most highly branchod and most intimately intertwined with 
tho uterine placonta. Several intermediate forms of placonta occur in various different 
mammals. 


Classification. — 


Class MAMMALIA. 

Subclass I. PROTOTHERIA (formerly Monotromata or Ornithodolphia). 

Egg-laying mammals, with cloaca, no uterus, many rcptilo-liko 
features, mammary glunds without nipples "Confined to 
Australia. Examples : Tachyglossue (formerly Erhiduu) spiny 
ant-cator : nocturnal, feeding on ants (Fig. 364) ; ()r.»iiliO>h>jm -bus 
duckbill with webbed toos, flat boak ; aquatic (Fig. 364). 

Subclass II. ALLOTHERI A. Extinct mammals with multitubcn ulute 
dentition. 


Subclass III. TIIERIA. Marsupial and truo placental mammals, with external 
pinna for onr ; hetorodont and diphyodont ; ureters open into 
urinary bladder, no cloaca; tho two oviduct* separate, each 
modified posteriorly into an uterus; mammary glands with 
nipples. 

Infraclttss i. PANTOTllEniA. Extinct mammals. 
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Fiu. 3«*4 MihclnsH Proioth li*. A. Ta-hyglossus ( = Echidna) aculeatus , the spiny 
Aiit ojitor or tho •n.imnon eeliidn.t, i- confined to Australia. It has a short, straight 
bonk ns un adaptation f..r I- odinc • n unis. It is a powerful digger. B. Ornithorhynchu s 
anatinns, the duckbill I mu \vebb« .1 f. ,a .ind is adapted for n sorni-aquatic life. Its beak 
is broad and flat. ( 0 ,r. K „ 0 / u j Ci imens l7 , , ht Zoology Museum, St. John's 

College , Agra.) 
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MARSUPIAUA 


TASMAN I AM WOLF 


MARSUPIAL MOLE 


KOALA 


KANGAROO 


tail i. vestigial. y (By cc 
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I.NJ5ECTIV0RA 



Fio 3H8. in 
and snails obtain 
seeking out insert 


■I \TSZS: nnrbli r> ; in,i ‘^° marnmnln .that food on beetles. worms 
• - Z^ r ‘ nd i r Th ° ™ U7Z, * S nro P°‘ r,ted to fucilitato 

n.t. The pon-taij, d , n s|, n *n * < J on h " l,s from We8t Indiea and looI <8 like a largo 
boors a feather-like irince at r ,/T S 0 " 1 * Sl,ma tra mid Borneo. Its tail is long and 

stout and eminontlv lift,., I r <ir . T? ,c * powerful diggers ; their foro limbs aro 
Natural History). ' 11 (^J/ courtesy oj the American Museum of 
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Infraclass " metatheria (formerly Mnrsupalia or Didelphio). Marsupial 
mammals, with pouch on belly ; uterus and vagina double ; 
tho young very prematurely born and kept as -mammary 
foetus in the marsupium ( = pouch) and attached by tho mouth 
to the nipples until fully developed. Examples : Didelphio 
opposums from South America (Fig. 300); Sarcophilu * tho 
lasmanian devil, Notorydcs marsupial mole, Perameles bandicoot. 
/ /laicolarclus tho teddy boar or koala and AJacropcs the knngaroo 
Irom the Australian region (Fig. 365). 

Infraclnss iii. buthbria (formerly Placentalia or Monodelphia). True placental 
mammals, binglo uterus and vagina ; complete intra uterine 
development with allantoidean placenta. No Pouch. 

Order 1. I n s e c t i v o r a. Small animals with long and pointod snout. 

five- toed I loet. Food consists of muinly beetles, grubs, worms 
and snails obtuined by digging in tho uurth or by hunting on 
the ground I he Insectivorn aro of unusual interest, because 
from them descended tho Primates (apes, inun, etc ). Examples: 
J afjta and Crocidura moles, subtorranoun, velvety rut -like 
forms with enlarged palm ; Sorts shrews mouse. like forms with 
normal palms ; Erinactua hedgehog, with spines on tho back. 
(Fig. 36S). 

Order 2. Dormopter a. Largo expansion of skin stretched between 
tho logs and tail, enabling tho animal to glide through tho air 
from tree to tren like a flying squirrel. Examples : (l nleopi . 
lhrr„* (lying lemur from S. E. Asia, tiigmin (Fig. 3011). 



Flo. 309. Tho ‘ flying lemur or tnguan glides from treo to tree with the help of 
large skin folds stretched botweon tho legs and tail. (Hy courtesy »/ the American 
Museum of Natural History). 
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ll °. ? 70 ‘ P« .mates. The tarirer is on abcrrnnt Old World form. The 

marmoset, is a New World monkey, with lateral tufis of hoir on bond. Tlio ayo-oyc 
s a remarknh c lemur. w,t . r„«l.. n . dike incisor, with which it tears open wood for 
hidden , .sects The mandril or the tl .0 doff. fared monkey of West Africa is the 
H?sl*rn' 0,,r,U ° f a ""' n,n , S ’ (li ‘ l r "" r,r '!/ "f the American Museum of Natural 
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L'm. 371- Order Primates. Lomura uro confined to tho Old World nntl 
predominate in Madagaacur. Tlio muzzle in usuully pointed and the tail never 
prehensile. Pithocoidoa-Plutyrrhina : Aloualta scnicula tho howling monkey belongs 
J., Houtli America. It has an ugly face. Tho greatly 'inflatod hyoid bones mid 
i lie lurgo larynx inercaso its voice in the male, which is uudihlo ut a distance of several 
miles Pithocoidea-Catarrhina : Colobus is related to tho Indiun langurs. (Vy courtesy 
,,j the 'American Museum of Natural History). 
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2^S£SSE ^ammX’ that epend.tho day Ivhwdo. 

range Iro^Th^Ll^! tn^. r^fAg^-.B ^o the 1 -^ruH^atiog 
•• (lying foxes' •- Some like the vnmp.re^ hat of S America. 

E^p^f- P^ZirZ k flyTng S 7ox 9 : Vrper .,,0 and MyoU, 

insectivorous bats. 

~ *• r : Mgir§ig£Sit| 

,ina Molars tuberculate. Nervous system h.ghly developed as 
«n adaptation for arboreal life, especially the centres of ® l ® r t ne “j. 
sight and intelligence, smell poorly developed. *ood mainly ol 
fruits and seeds, sometimes flesh also. 

Suborder a ZiU,' 

(Pigs. 371, 373) from Madagascar, Africa, b. E. Asm, an 
Philippines. 

Suborder b TAHSIOIDEA ] 

ears long ; ta.l short or absent, nocturnal Examples j/^pK'teW 
horis (Figs. 370, 373) from India. Can turn the head completely 
hack so that it can look behind without turning tbo body. 
Sue tic thus slow loris from India. 




Pi,:. 3 72. Primates. Cercopitheeidac. XaxtUs, the proboseis monkey of Borneo 
bus a long pendulous nose in the male. It feeds on leaves and hue an enormous 
abdomen. {Hy conrte>y of the American Museum of Xahiral History). 



i of equutoriul 


Kic. 374 Order Primate* A. Colubua juere:u, tlio common sf'i 

\frica is rod -coloured und hus u long tuil. B. Semnojiithecu .1 the Imigur is 
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,'ii-trV"* P '“J° ***> Orangutan ( n of the fnreat) 

:J Uor,,co sum - ,r “ 



* 



y lti 37ij. Carnivora lissi podia i»ro terrestrial llesh-ealing mammals. Tie* M 1 " 1 ' 
pi.n.la in 1 lio largest land carnivore. It is u rare boor like nnim .1 that 

Himalayas an<l foods on borabo shoot*. Cboetuh or iho huntinc I ••I"' 1 * 1 A, "'“ 

hie of great speed. It cun bo trained to hum «•*!• m •». I li rt 

• n u Idle unis. 

friiilH. 


nd Asia is capal 


ird wolf is 


u relative of hyaena, occurring in Africa, whore it liv.v 
The* mongoose of India is a fuinous snake killer. The Malay hear s il.-isU* a. IruHa. 

f*eu otter, once abundant in North Puciflc, yields lur, often each. 

Coal i inundi occurs in tropical Aincilcu. Aard wolf of Africa si.h i 
( Uy courtesy oj the American Museum of Natural History). 


n whilealils. 
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Fir.. 377. ('.•in ivor i | I'linpo'li i arc aquatic ll.*sh*?rtting mammals, but. como to 

laiui or i‘‘o livlili t • *i b.i»kiit:» in tin* Sun or for hirlli of tin* young. The seal is the most 
aquatic of the group. Its sharp tooth help in rapturing lish but arc useless iti cutting 
up food. Seal meat . :id s.nl «km are highly prized. TI»o sc-ilion can walk clumsily on 
land. The walrus has Hi- :«pp« r r inino elongated into a tusk, used in digging up clams 
for food and in lighting. IIm-m- are all ut present conbncd to the arctic S3uS. 
(Ihj •‘ourltsy of (he .! .«criVt*#i .l/.t,cnw »*/ Su'.ural History). 
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Suborder c. PITH ECO IDEA* (formerly Anthropoidca). Monkey*, u pee aind 
inun. ^ Digits with flattened nails; tree-inhabiting or terrestrial 
and diurnal ; li p3 free from gum und protrusiblo to enable sucking 
of milk from the nipple ; eyes enclosed completely behind by 
0 bono ; no rhinarium or moist skin round tho nostrils; fourth 

digit of hand and feet not longer then the third, which is 
tho longest in the hand (Fig. 370). 

Suporfurnily A. CEB01DEA (formorly Platirhinii). New World monkeys with 
flat wide interval between the nostrils; no cheek pouches; 
three premol irs on each side above and below. 

Fumily I. iiapalidak. Central und South American marmoset, with lateral 
• tufts of hair on the heud. 

Family 2. ckuidae. Central and South Ainericon monkeys, with prehensile 
tail. Examples : Ateiei spider monkey ; CcLu/i capuchin monkey 
and Alouaiiu howler monkey (Fig. 371), the male of this monkey 
bus no enormous bony throat pouch, giving such tremendous 
strength to its voice. Their calls are heard from two miles. 

Superfamily U. CERCOPITHECOI DEA (formerly Calarhinii). Old World 

monkeys. N'ostiih directed downwurds. with only a narrow 
interspace ; tail never prehensile ; check with internal pouches ; 
buttocks with ischi.il callosities ; only two premolars on ouch 
hide above and below. Tho arms and legs subequal in length. 



Fia 378. Order Cotacea. Whales are exclusively aquutic nmm'imls that have 
lost their hind limbs. They breathe air into lungs and tho “spouting" «*f the whale is 
duo to tho condensation of the moisture from tho lungs. Tho young are nourished by 
tho mother's milk. Tho killer whale ranges from tho Arctic to tho Antarctic. 
(By courtesy oj (he American Museum oj Natural History). 



Fio. 379. The narwhal sometimes moasurcs fifteen foot long. Its teeth are 
reduced to single pair of i amors. Ono of these, usually the loft, grows into a 
long, spirally twisted horizontal tusk, often 9 ft. long in the rnnlo. The humpback 
whale is widely distributed. Its throat is marked by several plates. ( By courtesy 
oj the American Museum oj Sutural History). 

PHOUDOTA 
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cfrcopithecidae. With cheek pouches. Examples : Cercopi- 
thecua. Macaco the common macaquo monkey. 

COLODIDAE. Without cheok pouches. Colobus tho African black 
and white long-haired monkey ; Scmnopithtcua tho Indian langur 
(Fig 3*4); Cynocephaltis dog-like mandrills or baboons, with 
short tail and of savago disposition (Fig. 370) ; Nasal is tho 
proboscis monkey fFig. 372). 

HOMINOIDEA. Anthropoid opes and man. Without tail and 
cheek |>ouches. 

PONCIDAF (= Hylcbaiidae). Anthropoid apes. Erect posture not 
perfect. Examples : Hylobale* the gibbons (hoolock) ; Siamanga 
t iumang of Malaya ; Pongo talyms tho orangutan (“ man of 
the forest ") (Fig. 376) from Sumatra and Borneo, with man- 
liko brain ; beard on old males ; Gorilla the gorilla from W. 
Africa, very strong, black, live in families; Pan Iroglcdyles tho 
Chimpnn/.ee from W. Africa. More humon-like than the rest. 
IIOMIXIDAE. Man (seo Chapter XXIV). 

Edontntu. Sloths (Xenortbra). Tooth reduced to molars, 
without enamel or sometimes no tooth. Examples : Myrmecophagus 
ant-eaters of tropicul America, with elongate head and snout, 
slender protruaiblo and sticky tongue, no teeth ; fore feet with 
stout curved claws to open ant hills The giont ant-eater of 
America (Fig. 381) often live feet long Food ants and termites. 
Urudypns sloths (Figs. 381, 382), arboroal hnng back downward 
from branches; the thick pelage harbours nlgao, that mako tho 
nnimul look green. Dasypua armudillo (Fig. 381) from America; 
horny protective shell over bony plates in tho skin of tho 
lack. Mania the pangolin (Fig. 380) or scaly nnt-eator from 
Africa and Asia. 

K o d o n t i a (formerly Itodcnlia aimplicidenlala). Gnawing 
nniinuls Dentition adapted for gnawing. Incisor 2/1 or 1/1 
and oxposod, chisel-like, rootless and growing from persistant 
pulp ; diastema duo to nbsenco of canino ; limbs with five 
toes ending in claws; widely distributed; food chiefly goods, 
nuts, fruits, roots, stems, insects and worms. 

SCI U ROMO R PH. \. Squirrel liko forms. 

scuinidak. Squirrels. Diurnal rodents, with incisors 1/1, feeding 
on seeds and nuts. Exumplo : Scuirua pulmarum the common 
squirrel. 

CASTOiUDAK. Bouvers. North Amoricun rodents, with flat, oval 
and scaly tuil ; build dams and ponds to float 1 -gs cut from 
trees for food ; nest-opening undor water (Fig. 383). 
HYSTRICOMORPHA Porcupinos. 

Ehetiiizontidae. Porcupines. Body covered with long, slond'-r, 
pointed quills (modified hairs). Example; Erethizon porcupine. 
Other exumplcs : guinea-pigs, capybara (largest of ull rodenis). 

MUROIDEA. Rats. 

mi hi dak. The most wide-spread of tho rodents. Best known 
species includo the house ruts and mico. 

Lagoinorpha (formerly Rodtntia Dupluidcn/a/a). Hares 
and rabbits. Incisors 2/1, the second upper incisor '•"Killer 
and behind tho first; molars without roots ; tni< n«u«lly >*liort 
or ubsent. 

i.Ei-oiiiDAK. Hind t legs elongate and adapt«-d for jumping: 
oar long; tail short. Food ; loaves and stemn Example : l.ep"* 
ruftcaudatua tho common Indian hare (Fig. 3*4). 
i.agomidaE. Ear short; no tail. Example ; iMgomy* moiiBo- 
hare. 
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ARMADILLO 


GIANT ANT-EATER 


Fir.. 381. 

toothless ; the an 
Museum of .Y 


F.dontatos. Though called Edentates, only the ant enter is 
- i 'loth have rod uecd dentition. (/*»/ courlrs,/ of American 
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Fio. 381. Ordor Lngomorpha. 
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Carnivora. Carnivores. Flesh-eating mammals, ^entition 

I 3/3. Cl/I. Ono of the grinders modified us * carnasaial 
for tearing flesh. Uterus bicornuate placenta “ nnr £* . 

with 5 (never less than 4) digits all ending in claws Kh.nurium 
or moist skin area round nosirils. 

FISSIPEDIA. Toes separate ; terrestrial (Fig 376). 

FELIDAE. Dentition reduced and specialized. I 3/3, C ! 1/1 >• ™ 

O 2/2 M 1/1 : no vibrissal hairs between nostrils, heet « 

American puma; Fell* chans the jungle cat. 
v.vebidae. Hind foe. with five toe.; i-omoea^.uf. °f 

„t l*T.t in .ho femolo on.l opening into .peel pouel... ; Htrpt.l,- 
murujo the common mongoose. 

II v * FNvn ai Toes only 4 on fore and hind feet ; dentition I 6/6. 

C t/1 PM4/3 and M I/I. Example: Hyaena Mata the Indian 
striped hyaena. . , . . 

muatelidaK. Fur bcoror.. Kxomp!« : P"lonu. .ho 

and woascl; Htlictis the badger; otter. 

canid ae. Can is lupus the wolf; Cant s aureus the jackal; < yon 
wild dog ; Vulpes the fox; domeeiic dogs. 

... nr ... ,1 with massive body, rudimentary toil and shaggy 

“Omni SSK' nTii .ho y polur boor , Wn. .ho 
bear; Ursus arcus the brown bear. 

PINNIPEDIA. Aquatic carnivores with the body spinel e- 
shaped ; limb, modified into flippers or P«l«ilj. for swimming. 
Examples: seals soa-lions walruses (tig. 377). 

(' « t n c o a Whales, dolphins and porpoUos (Figs 378, 379). Ex- 
ciu.?v“ ly .qu.Uc : limb. Sompleuly lo.l; breath. o,r ..to lung. ; 
tho largest animals that ever lived. 

MYSTACOCOBTI. Without teeth but with • baleen "; breathing 
orifico doublo Exnmplo : fin whale 

Odontoooeti. Teeth present throughout life; no baleen; 
breathing orifico single. Examples: Delphtna the dolphin; Ontnu$ 
the killer whale ; Phocaena the porpoise. 

Tubulidontuta. Aard vork (Dutch meaning "earth pig"), 
feed exclusively on termites, which they dig out by their powerful 
front legs: teeth simple cylinders of dentine, traversed by 
numerous passages; no incisors or canines; snout long; mouth 
tubular ; P noct5n..l ; n.tur.l fn.mto. ! Moo. Fxamplo : 
Oryclcropus the African Aard vork (tig. 383). 

P r o b o s c i d i a. Elephant. M issivo and spectacular mammals, 
with large head and flat ears; short neck; huge pillar-l.ke legs; 
thick and sparsely hairy skin; long humerus and femur, short 
and well dcvolopcd radius, ulna, tibia and fibula; feet broad 
and fivc-toed; dentition remarkable, no anterior teeth oilier 
than tho upper tusks (olongated incisors), each molar too, ‘"' 1 ' 

many transverse rows of enamel on tho exposed grinding ■urhue. 

«nlv ono (or two) tooth functional at a time on cudi *id" «» 
nose «„d upper Up » 'on* flexible musrulur 
containing tho n .ssl passages ; gregarious animals that 
in forests in herds of ton to hundred; food : leaves ''“('"V.-m I 
crass. Utorino gestation about 20 months, young "I" 11 
feet long. Only two living but many extinct species. 
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bulbs. I» 
of Jow«*r jaw. 

1). Hi noth' t V 
mastodon B ft. wi . • 
woolly nvimui«-th Hi 
of a million year a;.*. 
ca*e in the ZvoI-»m M 


'•>. l\\»m«-t 1’iobos. i-liu. A. B. Moeritheriinn 2 ft. high. Fed on roots am 

m i: i.*:? • t.\ r. I'lihiC'imn 'lotion 4« ft., upper lip prolonged to tho onu 

.I.M-nt, second upp*r and lower incisors elongated, 
primitive proboscidian. E. Trilophodon tjitjanleim. 


i • 

,.‘i till 

I " 4 

fl • I 


• 1 — *« 

• _* t ted into 2 trunks ; jaws long. F. Mepha* imperious u 
;i -s« .»f all elephants. It bociiroe extinct about a quarter 
■il i>U''!‘'-tni i>h of plaster models oj reconstruction* in a no 
, ' J -bh , ('olleyr, Ayra). 
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INDIAN ELEPHANT 


Km , 87 . Elcuha* indicu the Indian elephant. About a quarter of a million 
your ago thero uo.no '-h than 20 ^iosot jh-p ‘ ViviMK"!-" « « 

i i ri ,l, vVc h ;u A . r, r.i r o ‘ , .?u h n“ t r': nsr** & rS.. w « - 

fan' thoinaol voa. y (By courtesy of the American Museum of Mural History). 
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Fio. 3S9. Order An i.-? Tin- skeleton ° f jL^H^M^bueh dcr 

A. Camel. B. Deer. C. l’U (.1/ftr ««rrr /row Richard Ucrluvj , < " 

Zooloyie, Gustav Fischer) 



Fio. 390. Tho horn3 of tho rbinocoros nro composed of horny fibres from 
tho skin. Rhinoceros unicornis tho Indian rbinocoros occurs in Nopal, Assam 
and Torai. Tho zebra occurs in South-west Africa and is romnrkabk for its 
transvorso striping. Tapirs occur in Malaya and South and Central America. 
(By courtesy oj the American AJuscutn of Natural History). 
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HIPPOPOTAMUS 


GIRAFFE 


BACTRIAN CAMEL 


Fig. 30 1. Artio,i..«-t yi... H ,/,/,<> pot am ti6 occurs in 1 
Sahara. It oil on imuiiUtrcs il ft. |oi»c. TIh» pirnfToa nro « 
of Sahara nn.l olirn a'tiin a height of 18 ft. Tho; 
Tho baetrian cui:i*‘l in two humped uutl occurs in G 
(By courtesy of the A-icricm- M m af Sutural History). 
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Suborder I. AIOERITHERIUM. (Fig. 386) like a jack-rubbit, that lived in 
Egypt; ancestor of the proboscidia. . 

Suborder II. PIXOTHERIOIDEA. Extinct Dinothcrium (Fig. 330) without 
upper tusks but with curved lower tusks. 

Suborder I If. ELKPHANTOIDEA. Mastodons and elephants. 


Family 1- 
Family 2. 


Order 12. 


Order 13. 


Order 14. 


Order 10. 


Suborder 1. 


Suborder 2. 


mastodontidae. Mastodons. Teeth low-crowned ; ull molars 
present, tusks lower and upper. Exnmplo : Palaeomaatidun 
mastodon (Fig. 38G). 

I LfcPHANTiDAE. Muminoths and elephants. Tusks only upper. 
Molurs with high cement-covered crown. El e phas imperially 

tho extinct imperial mammoth (Fig. 380), EUphas 1 ndicus tlio 
Indian elephant (Fig. 387), Loxadontia afiicana the African 
elephant ; Mam mvlhua pritnigenius the extinct woolly mammoth. 
Hy racoidoa. Coneys, Guinoapig-liko forms, with 4 digits 
on tho foro limb and 3 on the hind limb; short oar and tail ; 
dentition I 1/2, C 0,0. Example : Hyrax. (Fig. 385). 

Siren iu. Sea-cows, dugongs and muntoos. Nukod skinned, 
oquatic mammals, with the hind limbs lost ; foro limbs modified 
into paddles; tail with horizontal fleshy paddles : no external our. 
Examples : Trcihechus (Manatus) the manatco (Fig. 385) ; Hhylina 
the sea-cow ; Halicora tho dugong. 

Perissoductyla. Odd-toed ungulates (hoofed mammals). 
Herbivorous mammals with odd nurol>er of toes, ouch sheathed in 
a horny hoof; simple stomach; the axis of tho foot passes through 
the third digit (Fig. 388). Examples : Eyuua caballua the horse, E. 
a«airiu« tho ass and E. zebra tho zebra, with only tho third digit 
on the legs ; Tapir us the tapir with four toes on tho foro foot and 
throe on tho hind feet; Khlnoeero* tho rhinoceros with throe 
toes on each foot. (Fig. 390). 

Artiodactylu. Even-toed ungulates. Legs with two (ruroly 
4) functional toes, tho inoin uxi* of tho foot passes botwoen 
tho third and fourth digits (Fig. 389); many with horns ; dentition 
generally reduced ; stomach with four chuinbcrs ; many ruminuto 
or " chew tho cud 

DUNODONTJDAE. No horns ; teeth 3.8 to 44 ; canines onlurgcd 
as tusks. Examples: Ena tho pig. Hippopotamus tho hippopo- 
tamus (Fig. 391) " horso of tho river *\ 

RUMINANTIA. Teeth 32, canines small or none. Examples: 
Camellia tho camel with soft broad feet (no hoof), A luhciuu 
tho alpaca and llsinu of S. Amoricu ; Cerrua tho deer ; Hi raff a 
the giraffe; Ocis the sheep; Bison tho American bison ; Ho a the 
oxen; buffalo ; Copra tho gout (Figs. 391, 392). 


Relation to man. — Many mammals provide food, clothing and 
other necessities for man. The Eskimos, for example, are almost wholly 
dependent upon the seal for food, clothing, oil for lamps and various other 
necessities. A number of mammals furnish milk. Their skins supply leather. 
The hairs constitute the wool. Whales provide the fat that is manufactured 
into whale oil, candles, etc. Ivory is obtained from elephants. 

Horse, ass, cattle, sheep, goat, pig, camel, etc. are some of the 
mammals that have been domesticated by man since time immemorial. 
Most of these animals were domesticated in Asia. A number ot the 
domesticated forms also serve as beasts of burden and for transport. 
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The Indian elephant is extensively used in the timber industry. The 
dog is perhaps the only animal that man ever befriended in Nature. Dogs 
are not only faithful companions, but are also extremely useful in hunting. 



Fm. 392. Kwn-toiNl ungulates. Hogs untl pigs arc omnivorous Deor* dovelop 
bony millers lh.it .irv >h.*l annually. Tlio American pronghorn is iho only 
animal with branch' ll 'u.||mw horns that ure periodically shed The ibex belongs with 
sheep and goats to the -.inis Capra (Up courle «;/ oj the American Museum 
0/ Sutural History) 

Some mammals especially the carnivores, frequently do considerable 
harm by killing man and his domestic animals. Others like wild pig> 
elephants, etc. destroy hi> crop. A few like the rat, the rabid dog or jackal 
play the role of store houses for human diseases like plague, hydrophobia, 
etc. 
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Resume 


1. Mammals possess a hairy covering on the body. Thoy suckle their young 

with milk secreted by the mammary glands. 

2. The skin is rich in glands Dentition is heterodont and thecodont. 

3. Heart is completely four-chambered and only the left aortic arch is present. 

Tho erythrocytes are non-nucloated, biconcave, circular discs. 

4 . The urinary bladder und genital ducts do not open into the rectum but have inde- 

pendent exits. 

5 . Development is intra-uterine. An allantoidenn placontntion ensures material ex- 

change between tho footus and the mothor. 

G. Tho Mammalia aro divided into Prototheria, Allotheria and Theria. Tho 
Prototherm uro reptile-like in many respects and lay eggs. Allotheria comprise 
extinct mommals with multituberculato dentition. The Theriu include ull 
tho placental mammals. 

7. Mnmmuls are economically an important group. Many provide food, clothing, 
oil, tools, medicines and numerous other useful products. Several huvo 
been domesticated. Tho dog is a friend of roan. A few mammals destroy 
life und crops. 


-♦ 




CHAPTER XXI II 

RABBIT AS A TYPE OF MAMMAL 

Bionomics. — The rabbit is a lovely, inoffensive and timid animal 
that lives in underground burrows. It comes out of its burrow at dusk 
to feed and meet friends. Its food is exclusively vegetarian. In the 
wild state the rabbit is a tawny-grey animal but the domesticated races 
range from white to'variously coloured, long-haired rabbits to the Belgian 
“hares”. All the domesticated races arc descendents of the wild species 
Oryctolagus cunicnlus (formerly Lepus cuniculus) of Europe. ' A rabbit 
has relatively short ears and hind limbs. It is essentially a burrowing 
animal. The young are blind and naked for some time. The hare on 
the other hand is essentially a running fellow and has longer ears that are 
tipped black, longer hind legs and prominent eyes. The young of the 
hare is clothed with hair and can sec well directly after birth. The 
hares move about in the morning, evening and at night. There are 
several species of hares in India : L. ruficaudatu * is the common Indian 
hare. It inhabits dry waste lands, full of bush and grass. 

Rabbits live for about eight years. They commence breeding 
when only six months old and there are generally four litters annually. 
Each litter contains five to eight young. In captivity, the rabbits 
do not breed very successfully, due to high mortality of the young. 

Rabbits are mostly harmless creatures, but occasionally do some 
damage to agriculture. Rabbits are eaten in many countries ; rabbit 
flesh is extensively canned in Australia. Rabbit hair is often dyed and 
sold as “seal” or “ermine” fur Rabbits suffer from a disease tularemia , 
similar to spotted fever. It is transmitted to man by the bite of rabbit 
lice or ticks. The symptoms of this disease include chills, fever, headache, 
body pains, vomitting, swellings and glandular disturbances, often 
terminating in death. 

Structure 

External feature.— (Fig. 393). The body of the rabbit comprises 
1. head, 2. distinct neck. 3. trunk, 4. limbs and 5. tail. It is covered 
by hair. The head has a cranial and a f acial part. The mouth is 
bounded by an upper and a lower lip. The upper lip is clefj into two 
and is characteristically called “ hare-lip ” There is a prominent; 


pinna 
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cheek The nostrils are connected with the cleft in the upper lip. 
The eyes have movable upper and lower eyelids. The nictitating 
membrane is a small fold in the anterior angle of the eye. The two 
eyes look laterally and the rabbit does not possess binocular vision as 
in man. The external ear or the pinna is long- Vibnssae are 
found on the sides of the snout and round the eyes. The neck permits free 

movement of the head. - .. . 

The trunk comprises the thorax and the abdomen. 1 he tore nmo 
forms an angle, the axillary fossa or arm pit with the trunk. 
The inguinal fossa separates the hind limb from the pelvis. The 
, anal aperture lies below the base of the tail. The ur, nogen, tal 
' aperture is separate and opens in front of the anus. The space between 
the anal and the urinogenital openings is called the perineum. In 
the male, the urinogenital aperture is at the tip of the penis. The penis is 
enclosed in a fold of skin called the prepuce. The scrotum 

on cither side of the penis encloses the testes. In the female, 
i Vic urinogenital aperture is the vulva enclosed by folds of integument. 
The clitoris- the vestigial_Eenis, is a rod-like structure ,n the 
vulva. The mammary. Jeats are-eight to ten pairs on the chest and 
belly. The limbs arc built on the same plan as in the frog, but the 
digits end in nails, modified as horny claws and are not webbed. There 
arc five fingers on the fore limbs but only four toes on the hind legs. 
The fore limbs help in burrowing and the hind limbs in the characteristic 

mode of locomotion. 

Comparison with the frog 

The external features that are common to the rabbit and frog arc : 

1. Bilateral symmetry. 

2. Differentiation of head, trunk and limbs. 

3. Presence of two laterally directed eyes. 

4. External nostrils on the snout. . 

5. Plan of build of the limbs. ^ *< * 

The rabbit differs from the frog in the possession of : 

1. Hairy covering on the dry skin. 

2. A distinct neck. 

3. A tail. 

4. External ear pinna. 

5. Movable eyelids. 

6. Movable lips. 
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7. Vibrissae on lips and eyebrows. 

8. Testes outside the abdomen in the scrotum. 

9. External penis. 

10. Separate urinogential and anal openings. 

11. Mammary glands. 

12. Five fingers and four toes, ending in claws but none webbed. 

These differences are correlated with the different modes of life of 

the rabbit and the frog. Unlike the amphibious frog, the rabbit is a 
completely terrestrial animal. It feeds exclusively on vegetable food, 
is warm-blooded and brings forth young rabbits that arc suckled with 
the mother’s milk. 

Internal morphology 

^ ^ •• • * « 

The body cavity. -The body cavity is divided by a transverse 
muscular diaphragm into the thoracic and abdominal cavities. 
The thoracic cavity contains the heart, the lungs and a part of the 
oesophagus. It is lined by a membrane called pleura. The pleura 
forms a double fold in the middle, dividing the thoracic cavity into 
-t riph t and left halves which contain the lungs. The diaphragm is convex in 
the thoracic cavity and is lined by the pleura. The thoracic cavity is 
strengthened by ribs. The abdominal cavity containts the stomach, 
intestine, liver, pancreas, spleen, kidneys and ovaries. The membrane 
lining the abdominal cavity is called peritoneum The diaphragm is 
concave in the abdominal cavity and is lined by the peritoneum. The 
peritoneum is folded to form mesenteries , which surround the different 

organs. 

1 . DIGESTIVE SYSTEM 

The digestive system includes the buccal cavity, the pharynx, 
oesophagus, stomach, small and large intestines, caecum and the 
digestive and associated glands. 

The buccal cavity has a bony roof, viz. the hard palate , that 
separates it from the nasal cavity. The internal nostrils open far backward 
in the pharynx. The tongue is a muscular organ, that is attached 
to the back part of the floor of the buccal cavity. It projects forward and 
upward into the oral cavity. The surface of the tongue is covered by 
numerous fungiform papillae in front and vallate papillae 
behind. The papillae contain the nerve-ends that act as taste buds. 
Four pairs of salivary glands open into the buccal cavity. 
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Teeth are present both on the upper and lower jaws. The dentition is 
heterodont , diphyodont and thecodont. There are altogether 
28 teeth as follows : I 2/1, C 0/0, P M 3/2 and M 3/3. The anterior 
cisors both in upper and lower jaws are modified into long chisel- 
like cutting organs. The enamel is largely deposited on the front surface so 
that these teeth remain permanently sharp. The posterior incisors, the 


canines and the anterior premolars are absent, leaving diastema or 
interval in between. The absence of the intermediate teeth enables 
the approximation of the lips behind the incisors. The teeth arc 


used for cutting and chewing the food. 

The pharynx that succeeds the buccal cavity comprises I. an 
'bra/ portion connecting the buccal cavity with the oesophagus, 2. 
a nasal portion into which the internal nostrils open and 3. a laryngeal 
portion into which opens the larynx. The Eustachian tubes , that 
communicate with ear, open in the pharynx. A pair of rounded 
lymph follicles, the tonsils , lie in the tonsillar depression on either 
side of the pharynx. A valve-like epiglottisy guarding the entrance 
to the larynx, projects upwards from the floor of the pharynx. When 
? food is being swallowed, the epiglottis completely closes the glottis 
or opening of the larynx to prevent its entry into the wind pipe (Fig. 402). 

The oesophagus passes through the neck and thoracic cavity. It 
lies between the heart and the dorsal aorta. It passes through the diaphragm 
to enter the abdominal cavity. Here it opens into the stomach, placed 
transversely on the left side of the abdomen. The cardiac end of 
the stomach is wide and the pyloric end narrow. The pyloric valve 
is a sphincter that guards the entry into the duodenum. The 
mucus lining the inner surface of the stomach is raised into numerous 
folds called* rugae. The mucus is also rich in gastric glands. 
The pylorus opens into the long, coiled small intestine. Duodenum , 
the first portion of the small intestine is a U-shaped loop (Fig 394) Thc 
common bile duct opens dorsally into the duodenum. The 
pancreatic duct opens into the posterior part of thc duodenum. 
Thc next part of thc small intestine is the thick-walled jejunum , 
which is followed by the thin-walled ilium. The ilium ends in a 
spherical swollen sacculus rotundus, peculiar to the rabbi-.. 1 he 
mucous lining of the innner surface of the small intestine is covered 
by numerous minute finger-like villi that help absorption ot the 
digested food. The villi include blood capillaries and lymph vessels 
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called lacteals. The blood capillaries absorb sugars, amino acids and^ 
minerals. The lacteals absorb the soaps, glycerol, etc. of fat digestion. 

The sacculus rotundus opens into the large intestine. This 
opening is guarded by valves. The large intestine is about four feet 
long and comprises three portions. The first portion, the caecum or 
the blind intestine is connected with the large intestine proper in 
the sacculus rotundus. The caecum is a long spirally twis^. tube 
ending in a slender finger-like vermiform appendix • The inner 
mucous lining of the caecum is twisted into the spiral valve. 
The caecum may serve as extra length of the intestine for more 



B 

Fi«:. Cafi-um of rabbit. A. Tho entire organ. B. Cut open to nhow 

the 8j*irnl valve inxido. 


complete absorption of the digested food. It may also secrete special 
enzymes for digestion of cellulose. It is large in the rabbit and other 
herbivorous mammals. It is short and vestigial in the Carnivora and 
man. It may be removed surgically as in appendicitis operation. The 
large intestine proper comprises a colon and the rectum. The 
colon is divisible into ascending, transverse and descending portions. 
The ascending col m extends from the sacculus forward to the right 
side of the body wall. The transverse colon extends across from the 
right to the left. Here ;i bends backward to continue into the 
descending colon. This latter passes backward to the rectum. The 
rectum leads behind to the anus, which is guarded by a sphincter. 
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f— Glands associated with the digestive tract.— The salivary glands, 
the liver and the pancreas are the glands that are associated with the 
digestive tract. 

The salivary glands are large and extensive. They comprise 
I. the parotid , 2. the submaxillaryj 3- sublingual and 4. the 
zygomatic glands. The parotids are the largest salivary glands 
and comprise diffuse white masses behind the angle of the mandible. 
Their ducts open into the buccal cavity opposite the last upper molar 
tooth. The submaxillary gland is a compact spherical mass, the ducts of 
which open on the floor of the buccal cavity. The sublingual gland 



plica circularis 


lymphatic 
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Fin. 390. Part of transverse section through the intesline of rnbhii. 


lies below the tongue and its numerous ducts open in the floor of the 
mouth cavity. The small pale yellow zygomatic gland lies in the 
antcrovcntral angle of the orbit. Its duct passes downward to open 
into the mouth on the check. 
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The liver is the largest gland in the body. It consists of fh£~ 
lobes. A fold of peritoneum attaches it to the diaphragm. The 
convex anterior side is close to the diaphragm and the posterior 
concave side fits on the stomach. The main divisions of the liver 
arc the right and the left lobes ; each of these comprises anterior 
and posterior lobules. The gall bladder is situated on the 
posterior surface of the right anterior lobule of the liver. A number 
of hepatic ducts from the lobules unite with the cystic duct 
from the gall bladder to form the common bile duct. The 
common bile duct passes backward by the side of the hepatic portal 
vein and opens dorsally into the duodenum directly behind the pylorus. 

The liver is a tubular compound gland that is associated with the 
vascular system in a characteristic manner. Each lobule of the liver is 
composed of numerous epithelial liver cells arranged radially round a 
central vein. 

The pancreas comprises diffuse mass of small lobules in the 
mesentery connecting the limbs of the duodenal loop. The pancreatic 
duct opens distally into the duodenum. 

Comparison with frog 

The alimentary system of the rabbit is essentially built on the 
same plan as in the frog. Because of the differences in the habits and 
food, the rabbit differs in structure and function as below : 

1. The mouth is bounded by movable fleshy lips. 

2. The oral cavity has a bony roof (hard palate). 

3. Dentition is heterodont and highly specialized. The food is , 
not swallowed whole but is bitten and chewd by the teeth. 

4. The tongue is not attached in front of the buccal cavity and 

cannot be thrust out as in the frog. j 

5. Digestion actually begins in the oral cavity itself. The saliva, 
containing enzymes like ptyalin , is secreted by the salivary glands 
opening into the buccal cavity. The saliva acts on the carbohydrates 
of food. There arc no salivary glands in the frog. 

6. The pharynx is also specialized. The internal nostrils open 
far backward in it. 

7. The common bile duct opens independently of the pancreatic 
duct into the duodenum. 

8. Villi are present in the small intestine. 

9. The Urge intestine is a complex organ and includes an enormous 

colon not found in the frog. N l| 
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~iVr 10. The rectum does not end in cloaca but in the anus. The 
urinary and genital apertures do not open into the rectum. 

2. CIRCULATORY SYSTEM f v 

Blood.— The blood of rabbit is fundamentally the same as that 
of the frog. Erythrocytes and leucocytes arc suspended in the plasma. 
The erythrocytes of the rabbit, however, ditfer from those of the frog. 
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FlO. 397. 


The heart and lung* of rabbit in ventral viow. 


They are smaller biconcave, circular discs, containing no nucleus The 
k nf the ervtbrocytes in the blood of rabbit is greater than 

iMrs „< . - * -- 

erythrocytes. The leucocytes of the rabb.t are stmtlar to jj* 
frog. They are classified as 1. granuUr or 2. agranular lb u 
leucocytes comprise neutrophiles, eosinophiles an aS ° . 

The agranular variety includes the lymphocytes, monocy 
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transitional forms. Blood platelets comprise the non-nucleatedK 
cytoplasmic bits derived from the breaking up of the cells in the bone 
marrow. They help coagulation and healing or scaling up of small 
openings in the vessels. 

Organs of circulation — The organs of circulation include i. the 
heart, 2. the arteries, 3. the capillaries and 4. the veins. 

Heart — The heart is situated between the two lungs. It is enclosed 
in a pericardium. The pericardium is made of two layers : the 
parietal layer that lines th<SwiSer surface of the pericardial chamber 
and the visceral layer OT\$gjgSirdiunt intimately attached to the 
heart. The pericardial spact^ beiwecV^hrfse two payers is filled with 
the pericardial fluid., — ^ 1 /7"\ />/ 
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• 1 •i-iinal siMii«»n ihrouirh tin* heart of rabbit 

. i. ms indicate the direction of How of blood. 


There is neither Mr?..*; tnosus nor conus arteriosus. The heart 
is completely divided into lij/iu and left sides. Each side consists of 


5»3 


RABBIT AS A TYPE OF MAMMAL 




a receiving chamber, the atrium or auric/e anti a delivering or distributing 
chamber the ventricle. The heart has therefore four chambers . two 


J 

' 



crior thin-wallcd auricles- the right and the lo ^. '^v^triclc^ 

crated onet from another- and two poster.or *«*- ^ anolhcr . 

right and left ventricles also completely separated 
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I'm. 400. Diagram of ilio arterial system of rabbit in ventral view. 
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— "f>he right auricle is thin-walled and communicates behind with right 
ventricle. It receives the right and left superior vena cava and the unpaired 
posterior vena cava. The left auricle is also a thin-walled sac that 
communicates behind with the left ventricle. It receives the pulmonary 
veins. The wall of the right ventricle is thicker than that of the auricles. 
The pulmonary artery arises from it. The left ventricle is highly muscular 
and has the more solid wall of the two ventricles. 

The cavities of the two auricles are separated by the auricular 
septum. In the right auricle, the opening of the right prccaval vein 
is anteriorly on the right side, the opening of the left precaval posteriorly on 
the left and that of the post caval on the dorsal side. An oval fossa 
ovalis in the thin interauricular septum indicates the site where an 
opening existed in the heart of the embryo. The Eustachian valve, 
a membranous fold, extends from the opening of the postcaval vein to 
the fossa ovalis. There is a single opening for the left and right pulmonary 
veins in the left auricle. The thick muscular walls of the ventricles 
project into the ventricular cavity as conspicuous ridges called trabeculae 
+ carneae or columnae carneae The pulmonary arch arises 
anteriorly on the left from the right ventricle. The opening of the ventricle 
into the pulmonary arch is guarded by three pouch-like semi-lunar 
valves, that permit the flow of blood only from the ventricles into the 
arch but not backwards. The aortic arch arises anteriorly from the 
left ventricle and its origin is also guarded by semi-lunar va]v<# opening 
only into the aortic arch. The right auriculo-ventricular opening is guarded 
by tricuspid valves (more correctly right auriculo-ventricular vjlvcs). 
These valves consist of only two thin membranous flaps, with their 
free margins projecting into the ventricular cavity. Their free margins 
are connected by slender fibres, the chordae tendonae, with the 
papillary muscles. The papillary muscles are thick muscular conical 
projections from the inner surface of the ventricle. The left aur.culo- 
ventricular aperture is guarded by bicuspid or left auriculo.vcnK - 


cular valves. . . 

Arterial aystem — There are two arterial circulations in the r 

long or systemic and a short or pulmonary. The former conveys i 

from the left ventricle to the various parts of the body and the latter 


rabl'it a 
he blond 
from die 


right ventricle to the lungs. 

A single systemic arterial trunk arises from the left ventricle. 
It corresponds to the left systemic arch of the frog. It is aho called the 
aortic arch or simply aorta . After passing forward a short distance, 
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it bends round the bronchus to the left, upward and then backward. Thet^-^ 
it continues straight backward directly below the vertebral column as the 
dorsal aorta the whole length of the body. 

The right and left coronary arteries arise from the aorta just 
beyond its origin. The left coronary passes backward on the ventral surface 
of the heart. The right coronary passes similarly to the right side of the 
heart between the right auricle and the right ventricle. The two coronary 
arteries supply blood to the muscles of the heart. Although it contains 
arterial blood in its left ventricle, the heart cannot directly take it. It has 
thus its own separate blood supply. It may be likened to a cashier in a 
bank handling considerable money, but has his own salary. 

The innominate artery arises on the right side of the aortic arch. 

It divides into (a) the right subclavian and (b) the right common 
carotid arteries. The left common carotid arises separately to the left of 
the innominate or from its base. The left subclavian arises some distance 
further along the aortic arch. 

The subclavian arteries pass to the first rib, where they become the 
axillary artery . The axillary artery continues as the brachial artery , 
which divides into the radial and ulnar arteries in the fore leg. Proximal- 
ly, the subclavian artery gives off :-x. the vertebral artery, 2. superfi- 
cial cervical artery, 3 supreme intercostal artery and 4. internal 
mammary artery. The vertebral artery enters the transverse foramen of 
1 he sixth cervical vertebra and runs forward through the neck to the interior 
of the cranium. It supplies blood to the brain. The superficial cervical 
artery passes forward and outward and supplies blood to the muscles of the 
neck 1 he supreme intercostal supplies branches to the muscles of the 
ribs. The internal mammary artery passes on the ventral wall of the 
abdomen as epigastric artery. 


The common carotid artery passes forward by the side of the trachea. 
At about the level of the larynx in the neck it divides into 1. the internal 
carotid and 2. uk* external carotid. The internal carotid supplies 
blood to the !>r..in. i>, external carotid supplies blood to the face and 
head. 


In the abdomen iw do. sal aorta continues as the abdominal aorta 
and gives off 1. the phrenic, 2. coeliac , 3. mesenteric , 4. renal, 
5. spermatic or ooor-o*, 6 . lumbar and 7. common iliac. It 
then continues as the caudal artery in the tail. The phrenic arteries 
supply the diaphragm. i he coeliac is an unpaired artery that gives off the 
gastric artery to the stomach, hepatic to the liver and splenic to 
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the spleen. The hepatic artery gives off a gastroduodenal branch to the 
duodenum and the stomach. The mesenteric arteries are in : 

(anterior) and inferior (posterior). The an, error mesentenc 
behind the coeliac and supplies blood ,0 the small mtestme pancreas, 
caecum and colon. The posterior mesenteric artery anses b » 
left renal artery and supplies the rectum. The renal artenes rc pa.red 
vessels that supply the kidneys. The right renal artery leaves the dorsal 

arises near the posterior mesenteric artery. It supplies the testes and 

related organs in the male. The ovarian artery simrlarly supp .« he 

ovaries in the female. The lumbar arteries compr.se seven parrs drstr.bu e 

,o the lumbar region of the body wall. The common ihac arter.es are pa. 

lh ai. divide into the external iliac and the hypogastr 

tnnalilc) artery. The external iliac is the larger of the two and 
( internal rl.ac ) arte y external artcry glves 

hecomes the f^artery m the 1 * ^ at , ery in lhc 

female X from the externa, iliac artery. The hypogastric artery gives off 

scvcia , branches in the ^seTthc £ ventricle. 

The pu/monory ‘ |0 |he left and dorsad, it divides rnto 

After passing a short dis • At this place the pulmonary 

- -“vt 'SL'i-srr- -££ «— f - 

at™. ««*•» — «*» 

^ ANTERIOR veins :-The venous blood from the head returns by r. the 

na l and 2. the external jugular veins. The rnternal iugu ar 

n brings the blood from the brain. It leaves the cranium by the .ugular 
vern bring bl ^ ^ ^ tfachM xhe external jugular returns 

SEa from the facial and superficial parts of the head. It is formed by 
L union of the anterior and posterior focal veins It rum » "*P-* - 

- ,he neck and joins the internal jugular at the base of the • 

* . • , he external jugular also receives the subclavian •e> n > ' 11 

?e" U rl blooTfmm foe fore limbs. The vessel formed by Ok -on 
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Fio. 401. Diugram of iho v- nous system of rabbit in ventral View. * 


.1 r . 

• *’■?•/ 

ft **' • » • 


• 

- 

f 

. - 

ih 

- 

**• * 


/v 
- ' 

-I 

r t 

' * '* v-> 



RABBIT AS A TYPE OF MAMMAL 


589 


*-~‘V over the aorta to open somewhat posteriorly into the right auricle. Each 
precaval vein also receives an internal mammary (or anterior 
epigastric ) vein from the ventral wall of thorax and an anterior inter- 
costal from the region of the first four or five ribs. A small unpaired 
azygos vein above the aorta brings the blood from the region of the 
posterior ribs. It opens into the right precaval vein. 

Posterior veins :-The posterior venous system comprises the 
postcaval vein and its tributaries. It commences as the caudal vein 
in the tail. The caudal vein is joined by a pair of internal iliac veins 
from the back of the hind limb. The femoral vein from the front of 
the hind limb, the posterior epigastric vein from the belly, the 
vesicular vein from the urinary bladder and the uterine from the 
uterus unite together to form the paired external iliac veins. I he 
external iliac veins join the postcaval in front of the internal iliac veins 
The paired spermatic or ovarian veins from the genital organs, the paired 
renals from the kindneys and the paired iliolumbar veins from the body 
nail open into the postcaval. After receiving the phrenic vein from the 
diaphragm and the hepatic vein from the liver, the postcaval vein opens 


into the right auricle. . 

The hepatic portal vein is formed by the union of 1. the posterior 

mesenteric vein from the rectum, 2. the anterior mesenteric vein 
from the ilium, caecum and the anterior part of the rectum, 3. the 
duodenal vein from tbe duodenum and pancreas and * the spleneo- 
gastric vein from the stomach and spleen. The portal vein enters the 
liver, where the blood passes to the sinusoids or wide spaces in the liver. 
The hepatic vein returns this blood to the postcaval vein. The blood from 
the digestive tract containing the absorbed food thus passes first through 

the liver before entering the heart and general circulation. 

The pulmonary veins convey the freshly oxygenated blood 
from the lungs. The pulmonary veins of the two sides unite together 
just before opening into the left auricle on the dorsal surface. 

The lymphatic sy.t.m.-The lymphatic system is an appendage 
of the venous system. The lymph contains ceUs that can migrate 
through the walls of vessels. The lymph serves the special function 
of carrying the fat from the intestine. The lymph cells arc formed 
in the spleen, in the bone marrow and from connect, vc tissue cells^ 
They act as phagocytes, ingest and destroy bactcr.a and disintegrate 


old red corpuscles. 


590 


INTRODUCTION TO ZOOLOGY 


The lymph circulates in the lymphatic vessels , that open into 
a large median thoracic duct discharging into the left precaval vein. The 
lymph vessels have swollen lymph nodes or glands at intervals. 

Synopsis of the circulatory system 

1. The heart is completely four-chambered. 

2. The venous stream is completely separated from the arterial 
stream. 

3. Only the left systemic arch is present. This gives off all 
arteries that supply the head and various other parts of the body. 

4. The venous system lacks a renal portal circulation. There 
is only the hepatic portal circulation. 

5. There is no sinus venosus ; the precaval and post caval veins 
open directly into the right auricle. 

Comparison with frog 

1. The blood of rabbit differs from that of the frog in having 

smaller, circular and biconcave red corpuscles. They do not also have 
nuclei. “ 

2. The ventricle is completely separated, so that there is no 
mixing of the venous and arterial blood. 

3. In the frog there arc three aortic arches : the carotids, the 
systemic and the pulmocutancous are paired vessels that arise as 
separate arches from the truncus arteriosus. In the rabbit there is 
only one aortic arch -the left systemic arch, from which the carotid 
arteiy arises. The pulmonary artery arises independently from the right 
ventricle. 

4. In the frog there arc two portal— the renal and hepatic — 

systems, but m the rabbit the renal portal system is absent. 

5. In the frog the veins open into the sinus venosus but in 

' thc rabbit thc >* °Pcn directly into the right auricle. v ;^\ 1 

J RESPIRATORY SYSTEM S 

Thc respiratory organs consist of 1. the paired lungs, 2. the 
true respiratory tract. 3. the accessary respiratory tract , 

' * lhe diaphragm and 5. the intercostal muscles. 

The lungs of thc rabbit are not simple hollow sacs as in the 
frog. They are highly elastic, very greatly ramified saccular gland-like 
bodies, with a spongy appearance. The internal surface is in contact 
with air. They are situated one on cither side of thc heart. Each 
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f lung comprises anterior, middle and posterior main lobes. The 
left lung is smaller than the right lung. The right lung has also two 
additional anterior and posterior azygos lobes. The lungs are surrounded 
by a thin membrane called the pulmonary pleura. Posteriorly 
the lungs are attached to the diaphragm by the pulmonary ligament. 
The elasticity of the lungs is increased by the smooth muscles in its 
connective tissue. 



( 



Fio 402. Diagrammatic median vortical section through the head ol 
to illuHtrnto the chiaema or crowing of the rospiratory ond food chnnnH* at 
nro «ho\vn black). 


rabbit 

(Rouen 


The true respiratory tract comprises t. the larynx z. the trachea 
and 3. the bronchi. The larynx or the voice box is composed of 
incomplete rings of cartilages. The thyreoid cartilage is the largest ; 
it is a saddle-shaped piece, produced forwards and backwards dorsally 
into horn-like processes. The cricoid cartilage lies behind. A paired 
arytenoid cartilage is closely associated with the cricoid in Item. 
The vocal cords are rudimentary in the rabbit. They are a pair 
of elastic folds of mucous membrane stretched across the cavity ol 
the larynx. One end of the cords is attached to the thyrco.d cartilage 
and the other end to the arytenoid cartilage. The glottis or the opening of 
the larynx into the pharynx is guarded by the epiglottis- 

The larynx continues behind into a long trachea that her. 
median line below .he oesophagus. It is composed ol can.lagenou- 
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tracheal rings, each of which is incomplete dorsally. In the thot^*^ 
the trachea divides into right and left bronchi. Each bronchus 
enters the lung of that side. The bronchi divide into several bronchioles , 
that ramify again and again to produce a complex system of alveolar 
ducts (Fig. 403). The ducts branch to atria , these to alveolar sacs 




alv sac 


I* in. I »ii-yr •'u i*f tli© structure of t\io lung of a mammal. c' 

and ultimately ;hc alveoli or the air ' spaces of the lungs. /P 16 
alveoli are richly supplier, by blood capillaries. - The bronchioles w* 
less and less cartilage .:u l the finer -branches lack the cartilage, .©fcb * 
alveolus of the lung of th*- rabbit 'really represents a single lung of ^ 
the frog. 


dud 
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The accessory respiratory tract includes the nostrils and the 
fnasal passage. The nasal cavity is separated from • the oral cavity 
by the hard palate in front and soft palate behind. It opens into the 
back part of the. pharynx by the internal nostrils. The function of 
the nasal passage is to warm the ait and remove particles of foreign 
matter from it before it goes into the lungs. The nasal passage has 
scrolls of mucous covered bones that efficiently carry out both these 
functions. In the pharynx there is thus schiasmq (Fig. 402) or crossing 


of the respiratory and food channels. • 

Mechanism of respiration. -The lungs completely fill the air-tight 
pleural cavities of the thorax. Inspiration or .entry of air into the 
lungs is effected by the expansion of the thoracic ..cavity. Expiration 
or expulsion of the air is brought about by its contraction. 
Contraction of the external intercostal muscles.* (the external muscles 
between the ribs) raises the obliquely set ribs, thus expanding the 
chest cavity. Simultaneously the phrenic muscles contract, flatten the 
dome-shaped diaphragm and incidentally displace* the abdominal viscera. 
These two movements, the rising of the chest wall .and, the flattening 
of the diaphragm, expand the lungs and draw if 'fresh air through 
the nostrils. With the relaxation of the intercostal anc^hrenic muscles, the 
ribs and the diaphragm return to their .original position and cause 
contraction of the thorax. The. elastic lungs' contract and force the 
air out. The buccal cavity plays no active part .in breathing. The 

respiratory movements in the rabbit are thus different from those of 

the frog. The throbbing movement of the throat in the frog forces 
the air in and out of the lungs. In the rabbit, however .. the air is 
sucked in and out by the alternate expansion and contraction of the 

clastic lungs caused by those of the thorax. A ' -A 

The contraction of the internal infcrcostal nicies and of the 
abdominal muscles diminishes the capacity of^fhc chest. Spch sudden 
c&ntractions’^ause a violent .expiration as in coughing. The sound of the 
qpugh is due' to the violent opening of the epiglottis. £ A sigh is a deep 
£boured Inspiration brought aboutJ>y the co^action qPthe muscles attached 
~|rolirThe'Yeitfcbral column and nqcfc to the ribs. / 

in the frog, ihe organs of excretion and pf reproduction cons- 
titute 'the' urinogenitaF system of.thc/ra^biu- Tjif urinary and the rc- 
: WodOctive sySi^Tiie associated by having * common duct for the 
passage 0 f their products'-urme and the ova or sperm. • In both the 
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sexes, this association exists in the urinogenital canal, that open*, 
not into the digestive tract to form a cloaca as in the frog, b»r1 
separately to the outside. 

Urinary system.— The kidneys are the chief organs of the 
urinary system. They are paired, bean-shaped ( reniform ) organs, flat- 
tened dorsoventrally, convex laterally, concave medially, and lying against 
the dorsal wall of the peritoneal cavity in the abdomen. The right 
kidney is considerably in front of the left. The concavity is termed 
the hi l us (Fig. 404). From the hilus a white tube, the ureter, 



pyramid 


cortex 


renal vessel 


medulla 


ureter 


Kh; 404. Longitudinal section through the kidney of rabbit. 


passes backward to open into the urinary bladder . The renal artery 
enters the kidney and the renal vein leaves it at the hilus. Within 
the hilus is a cavity, the renal sinus , that is occupied by the renal 
artery and vein and by the renal pelvis or the expanded first part 
ot the ureter. The substance of the kidney projects into the renal 
pelvis as the renal papilla . The microscopic openings of the urine 
collecting tubules are located on the renal papilla. The collecting 
tubules and the renal papilla together constitute the renal pyramid. 
There is only one pyramid in the rabbit but twelve in the human kidney. 
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* The kidney has a fibrous coat, surrounded by an adipose capsule 
tor fat. The substance of the kidney comprises an external granular and 
more vascular cortex and a central, somewhat radially striated me- 
dulla. The substance is essentially composed of a system of renal 



tubules. Each tubule begins in the cortex in the malpighian 
corpuscle. The malpighian corpuscle is a 'double capsule enclosing 
the glomerulus or a coiled mass of capillaries from the renal artery. 
The space between the capsule and the glomerulus continues into the 
renal tubule. The blood in the glomerulus is separated from this space 

/ w 
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by a very thin membrane, that filters the urine into the space. Thajfc; 
renal tubules continue into the collecting tubules that open on the*" 
renal papilla in the renal pelvis. • ' ' :| Tt . , 

The urinary bladder lies ventraUy in the posterior part of the 
abdomen. It is a pear-shaped muscular sac capable of considerable 
distension. Its anterior end is the vertex y and the posterior end, the 
fundus , narrows to the urethra . The genital ducts open into the 
urethra dorsally to form the urinogenital sinus. The sinus opens 
to the outside on the penis in the male and by vulva in the female. 


5. REPRODUCTIVE SYSTEM 

The reproductive system of the rabbit includes the essential 
organs of reproduction, viz. the testes in the male and the ovaries 
in the female, and their ducts. 

The male genital organs.— The testes are paired oval bodies. In 
the young animal they are situated close to the kidneys within the 
abdomen but at the time of maturity descend or pass backward into 
the scrotum and become inguinal. The descent of the testes into the 
scrotum takes place in other mammals like man even during the embryo- 
nic development. 

The scrotum is a loose sac, behind the penis. The scrotal sac is 
lined by a thin layer of cremaster muscle , continuous with the 
internal oblique muscles of the abdominal wall. Below this lies the 
^ parietal layer of the tunica vaginalis propria , a layer of 
peritoneum that is continuous with that of the abdominal wall. The 
scrotal sac is widely open to th e abdominal cavity by the inguinal 
canal , through whTEtf "nerves, blood vessels and ducts pass to the 
testes. The testes and their associated vessels and ducts occupy the 
scrotal cavity. 1 he testes arc suspended from the dorsal wall of the 
scrotum. A short connective tissue cord called gubernacu/um joins 
the posterior end of the testes with the end of the scrotal sac. The 
visceral layer of the tunica vaginalis propria forms the peri- 
toneal covering of the testes. 

A spermduct or vas deferens arises from each testes. The 
first part of the vas deferens is much coiled and bound up together 
by connective tissue to form an epididymis . The epididymis is usually 
imbedded in a mass of fat at the anterior end of the testes. The vas 
deferens then extends back as a thin cord along the side of the testes. 
The thick anterior part forms the caput epididymidis and the slender 
part near the posterior end of testes forms the cauda epididymidis. 
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The seminal vesicle opens into the urethra to form the urino* 
genital sinus. On either side of the base of the seminal vesicle, 
the outer urethral lining projects as numerous finger-like parapros- 
tatic glands. The bulbourethral or Cowper's gland is a pink- 
coloured bilobed mass imbedded in the wall of the urethra behind the 
prostate. These glands and the seminal vesicle produce the liquid in which 
the spermatozoa are suspended. 

The urinogenital canal continues into the penis to open to the 
outside. The penis is an erectile organ that is used in copulation. It 
is formed chiefly by the highly vascular corpus spongiosum and by a 
pair of hollow fibrous structures, .the cavernous bodies . These have 
thick white sheaths. Anteriorly, the cavernous bodies diverge, and each 
is attached to the ischium of the pelvic girdle by a fibrous crus 
penis . The penis is also attached to the pubic symphysis by a short 
stout suspensory ligament and by a thick muscle. The entire penis 
is enclosed in a fold of skin called the prepuce . During copulation 
the penis is erected by the turgidity of the corpus spongiosum. As a 
result of the sexual excitement, the blood capillaries dilate and permit 
an extra amount of blood flow to increase the turgidity. 

Female genital organs — The ovaries are small paired elongate or 
oval, grey or yellow bodies that lie on the dorsal body wall somewhat 
behind the kidneys. A fold of the peritoneum called mesovarium 
suspends the ovary from the body wall. A mature ovary contains 
numerous ovarian or Graafian follicles , that appear as dots on 
the surface of the ovary. Each Graafian follicle encloses a large ovum, 
invested by a vitelline membrane and is surrounded by follicle 
cells. A fluid-contained clear space appears in each follicle. Finally 
the Graafian follicle bursts and the ova escape into the abdominal cavity. 

The oviducts, which are also called Mullerian ducts, open close 
to the ovaries. The first portion of the oviduct is called the fallopian 
or uterine tube. It is a narrow tube, opening anteriorly into the 
abdominal cavity by a broad funnel-shaped ostium , surrounded by 
fringes of fimbriae. The ostium is close to the ovary and the fim- 
briae surround it. The ova that escape from the ovary thus pass into 
the fallopian tube. 

The posterior part of the oviduct is , 'enlarged into ^the uterus. 
It is highly muscular and is supported by ligament. uterus <jf the 
two sides cross over to the front of the ureters and meet to form a 
wide vagina between the bladder and rectum. The vagina extends 
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f behind and receives the urethra to form the common urinogenital passage 
called vestibule. The vestibule opens to the outside by the vulva. The 
vulva is enclosed by the labia major a. The small, rod-like clitoris is 
the homologue of the penis of the male. Cowper’s glands are present but 
there is no prostate. 

In the rabbit the two uteri are separate. This condition is described 
as duplex uterus. In man the two uteri are united to form the simplex 
type. 

Comparison with the frog 

1. The kidneys of the rabbit differ from those of the frog in shape. 
The hilus and the pyramid are absent in the frog’s kidneys. The ureters 
arise laterally from the outside of the kidneys in the frog. In the rabbit 
however the ureters arise from the hilus on the median side. 

2. The ureters open into the cloaca in the frog but in the rabbit 
directly into the urinary bladder. 

3. The Cloaca forms the common passage for the urinogenital and 
the alimentary products in the frog. In the rabbit there is no cloaca. The 
urinogeniral ducts open separately from the rectum. 

4. The testes always remain within the abdomen in the frog but in 
the rabbit descend into the scrotum. 

5. The testes of the frog are connected to the kidneys by the vasa 
eflfcrcntia, so that the sperm passes through the kidneys and the ureter. 
In the rabbit however the testes are not thus connected and the sperm passes 
directly by the vas deferens into the urethra. 

6. The male frog has no copulatory organ and fertilization of the ova 
takes place outside the body. The penis of the rabbit serves as the phallic 
or copulatory organ and enables the sperms being shed into the vagina of the 
female. This ensures internal fertilization and development within the 

uterus. 

7. The oviducts are comparatively simple tubes in the frog. In the 
rabbit they arc modified posteriorly into the uterus in which the entire 
embryonic development is completed. 

8. The ova of the frog are relatively large and contain considerable 
yolk. They are discharged into the water. The ova of the rabbit are much 
smaller and are deficient in yolk. They are retained within the uterus. 

6. SKELETAL SYSTEM 

The skeletal system of rabbit consists of an exoskeleton and an 
endoskeleton ■ The exoskeleton is solely represented by the claws on 
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the digits. The claws are scale-like thickenings of the stratum lucidum > 
between the stratum germinativum and stratum corneum of the skin at the 
ends of fingers and toes. The endoskeleton comprises the axial and the 



appendicular portions. The skeleton of the head, the vertebral column, 
the ribs and the sternum constitute the axial skeleton. The limbs and the 
pectoral and pelvic girdles form the appendicular skeleton. 
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-f- The vertebral column 

The vertebral column of the rabbit is formed of series of vertebrae : 
7 cervical, 12 thoracic, 7 lumbar, 4 sacral and 14 to 16 caudal vertebrae. It 
is not straight but is curved dorsad in the thoraco-lumbar region The 
cervical and the caudal regions are curved ventrad. 

A typical vertebra comprises a centrum or vertebral body below and 
a vertebral or neural arch above. The two portions enclose a large 
vertebral foramen or vertebral canal. The foramina of successive 




Fi<s. 40 *. Tho nxinl (B) of rnbbit is essentially n «loul»l-* eniiiilcxer 

( A). Tin* ncurul spines represent the ntruts nnd the miiM-loa (dolled lines) 
represent tlio ties of the bridge. [Adapted from limit r Hoirell, Speed in Animal*, 
V hirer *iiij of Ch'cuyo Vrta*). 

vertebrae form the neural canal for the spinal cord. The vertebrae arc 
platycoelous , i. e. the centra have flat ends both anteriorly and posteriorly. 
Intervertebral discs of cariilage separate the centra of successive vertebrae. 
The part of the neural arch which connects with the centrum is the pedicle 
and the rest, lamina , forms the roof of the vertebral canal. The anterior 
and posterior margins, of the pedicle are notched. Each notch is opposite to 
that of the adjacent vertebra. They together form the intervertebral 
foramen , through which the spinal nerve passes out. 

The vertebral arch bears the transverse process horizontally on 
cither side and the spinous process or neural spine dorsally. 1 he 
anterior and posterior margins of the arch bear low articular processes or 
zygapophyses. The prezygapophysis or the anterior process is 
directed dorsally and the postzygapophysis or the posterior process 
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points ventrally. The zygapophysies of two succeeding vertebrae are bourfa 
together by ligiment that strengthens the vertebral column but allows 
flexibility. ... ..**« 

Cervical vertebrae — The seven cervical vertebrae mainly serve to 
support the head. The first two cervical vertebrae are specially modified to 
permit the movements of the head in various directions. The rest are 



Flo. 40 j. ,\ll 14 vorlol.r.i of cut A. Anterior view, B. posterior viow. 

dorsovcntrally flattened and have low arches and short spines. The trans- 
verse process is perforated by the costo-tranverse foramen , for the 
passage of the vertebral artery to the head. The atlas is the first cervical 
vertabra. It consists of the ventral anterior arch , the dorsal posterior 
arch and paired lateral masses and lacks the centrum. The anterior 
arch bears the anterior tubercle below and the posterior arch bears the 
posterior tubercle above. Anteriorly on either side the atlas has 
large concave superior articular pits for the articulation of occipital 
condyle of the skull. Small triangular inferior articular facets 
on the posterior side articulate with the second vertebra. 
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^ < The epistropheus or axis is the second cervical vertebra It 
is remarkable for possessing a stout odontoid process or dens epistro- 
pheus (tooth) in front. The dens represents the centrum of the atlas 



Fla. no. A The .ccoml vertebra of cat in lateral view. U. Th..r.,e,. 
thu rabbit in lafccrul viow. 

fused with the axis. It fits into the atlas below the 

The atlas permits the nodding movements of the _ 

epistropheus acts as a pivot on which the atlas with t 

sideways. 
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ure sloths, which havo sis or nine and the Siremans, which have six. 

• Thoracic vertebrae. -The twelve thoracic vertebrae possess costal 
facets for the articulation of ribs : one on the centrum and the other on 


accessory 

process 


process 

neural canal 



anterior spinous process 


transverse process 



Kic. 411. Typicul vertebra of mammal iu A. lateral and B. anterior view. 

the transverse process. The last two thoracic vertebrae have the costal 
facets wholly on the centra. In the remaining vertebrae the costal 
facet is formed by two demi facets a one on the vertebra .to which 
the rib belongs and the other on the preceding vertebra. The transverse 
processes of only first ten thoracic vertebrae have costal facets. The neural 


RABBIT AS A TYPE OF MAMMAL 


605 


spines are very long and increase in length to the third vertebra, then become 
Sorter but wider. They are directed backward fa the first ten vertebrae. 
The spinous process of * the eleventh is almost vertical and that of 
the twelfth points forward. 




F,<>. 412. A. Corvicul vcrtobr. of mammal. B. Po.tcr.or view of t.to 
region of tho skull of rabbit. 

Lumbar vertebrae. -The seven lumbar vertebrae arc Urge. The 
broad neural spines are directed forward. The long transverse processes arc 
directed forward, downward and outward. Thetr tips have the tnanzular 
p ,ates that represent vestigial ribs. Stout upwardly Erected 
processes bear the anterior articulating surfaces of the sacrum. The 
fhree lumbar vertebrae bear each a median ventral anter.or sp.nous pro 

CCSS for the attachment onhediaphragm^^ ^ ^ (o form 

the o!7acruT VhThind par, of the body is supported by the hindlegs 
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through the medium of the sacrum. The auricular surface 
antero-dorsally on the sacrum articulate with the pelvic girdle Four pairs 
of anterior sacral foramina on the venttal surface lead into the 
interveterbral foramina. A pair of posterior sacral foramina opens 
dorsally in the line of junction of the first and second sacral vertebrae. 
Three median sacral foramina separate the neural arches of the 
fused vertebrae. 



Fig. 113. Sacrum of rabbit in A. lateral view and B. ventral view. 

The caudal vertebrae are usually sixteen in number. The neural 
arches arc complete in the first seven and the transverse processes are 
vestigial in all except the third. The terminal ones are reduced to 
mere cylinders that represent the centra. 

The vertebral skeleton may be compared to a cantilever bn g* 
or more appropriately to a girder supported on two pillars— the limbs 
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„d loaded by ,h. head a. e«e end (Fig. 4*. Wghje- 

pines of the thoracic vertebrae give attachment to g 
o balance the weight of the head in front. 

The Ribs 

Theae are ,«l.e ribs « ..eh ride. The rib. 

it rsr-it.r-’tS' —sr* £ 





Fin . 414 . Cnudal voH.br. - «i. A- From ft. o, UU. B. From near 

lio tip of the toil. . 

. . nne arl iculatcd to the vertebra and points outward, downward 
rhc costal bone ts a he ^ cMti , ages inward, downward and 

’ nd H The to seven ribs are directly attached to the sternum; 
forward. The * ^ ^ Q[ s|crna , ribs . The last five false 

they are thereto attached or remain free as floating ribs ■ 

ribs arC C “ "‘ n tIUC and five false ribs, of which three arc floating ribs. 
They are thus se ^ succeeding ribs increase in length to the 

The first nb twelfth. The head or capitulum 

with the centrum and the tuberde w.th 

the trinsversc process. 
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Sternum 4 

The sternum is composed of six sternebrae. The first, manubri- 
um sterni, articulates with the greatly reduced clavicle. The next 
four constitute corpus sterni. The sixth or the xiphoid process 
is an elongated bone with a thin broad cartilagenous plate behind. 


capitulum 
tubercle 


manubrium 


sternebrae 



costal bone 
costal cartilage 


xiphoid cartilage 


I'm. *;r» Tin* sternum nml ribs of tho rabbit in ventral view. 


The Skeleton of the head 

General features and regions of the skull-— The skull of the 
rabbit is completely ossified except for the cartilagenous internasal septum. 
There arc fewer bones than in the frog and the bones are immovably jointc 
together by sutures in dovetail fashion The bones are, as in the frog, of 
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wo kinds : cartilage bones and dermal bones • There are also 
the same regions, viz. the cranium proper, the otic capsule, olfactory, 
the facial part, etc. 

supra occipilal 



exterioi 
carotid 
foramen 


occipital 


jugular foramen 


basi occipital 



l?, 0 . 410. A. Posterior vii'W of tlw occipital region of tho skull of .log. H 
of rabbit. 

The facial region supports the nose and eyes. The two large external 
narcs separated by the cartilagcnous septum open at the end of the 
facial region. Behind the large orbits on the sides the temporal 
fnKK . is filled with muscles in life. The temporal fossa is bounded 
below by the zygomatic arch , which is a distinguishing character o 
the skull of mammal. 
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The cranium is relatively large to accommodate a large brain. TfeteM 
floor of the cranium does not form the roof of the buccal cavity.?* 
There is a secondary palate (hard palate), so that the internal nostrils 
are displaced posteriorly (Fig. 417). The large foramen magnum is at the - 
posterior end, with an occipital condyle on either side. Close to tbe- r 
condyles is the large hollow tympanic bulla , that encloses the middle ear;^ 


THe Cranium 

A series of cartilage bones form the floor of the cranium and membrane 
bones complete its roof (Fig. 417). 



presphenoid 


parietal 


fronial 


inter parietal 
‘Cy-bupra- occipital 


elhmoid 


nabat cavity 


cranium 


maxilla 
ex l narc — 
pro maxilla 


palatine 


vomer 

squamosal 


mandible 


basisphenoid 
basi occipital 

internal nare 


Fio. 4I 7 . Simplified diagram of the plan of a mammalian skull. Tho cartilage, 
bonoa of tho cranium are shaded. * 

Cartilage bones.— Commencing from behind, the cartilage bones 
of the cranium are 1. the occipital s, 2. the posterior sphenoidals , 3. 
the anterior sphenoidals and 4. the ethmoidals. 

The occipitalia comprise 1. the basioccipital , 2. the paired 
exoccipita/s and 3. the supraoccipital. The four occipitals bound 
the foramen magnum. They are separate in the young animals, but 
fuse into a single bone in the adult. The basioccipital lies in front 
of the foramen magnum. The exoccipitals form the lateral boundaries 
of the foramen magnum and bear the occipital condyles. The supra- 
occipital is the dorsal part of the bone and bounds the foramen magnum 
above. 

The posterior sphenoidals comprise a median unpaired basisphe - 
noid, paired dorsolateral alisphenoids and paired ventral pterygoid 
processes (or “pterygoids”). The basisphenoid lies in front of the 
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basioccipital. The alisphenoid is partly lateral and partly dorso-ventral. 
I? is convex externally and bounds the orbit. 

The anterior sphenoidals consist of the median presphenoid 
and the paired lateral orbitosphenoids. The presphenoid is a narrow 
bone that lies in front of the basisphenoid. The orbitosphenoids are 
elongate plates in the ventral part of the orbit. 



The ethmoid bone includes the cribriform plate , the perpendi- 
la plate and the ethmoidal labyrinth. The cribriform p ,Jlc 
separates the cranial cavity from the nasal cavity in front. It derives 
i,s name from its sieve-like perforations. The branches of the olfactory 
nerve pass out of the cranium through these holes. The perpendicular 
l’ t 
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plate separates the two nasal cavities. In life, it is continued anterioriy 
by cartilage up to the external nares. They constitute together the 
internasal septum (mesethmoid) of the nose. The ethmoid labyrinth 
or ethmoturbinal lies just in the front of cribriform plate. It is composed 
of scrolls of thin bone that increase the olfactory and respiratory surfaces 
of the nose. 


premaxilla 


ptciygoid 


greater palatine 


foramen 


exl carolid 
foramen 


squamosal 



•anterior 

sphenoidal 

foramen 

haslsphenad 


basi - occi- 
pital 


tympanic 
ext jugular foramen 


foramen magnum 


pra-ocnpita) 


1 


I »l!». Skull of rnbliit in ventral viow. 

The membrane bones that compose the cranial roof arc i. the 
upper part ot the supraoccipital , 2. the interparietal , 3. the 
paired parietal s anti 4. the paired frontals. 
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* The supraoccipital that bounds the foramen magnum is ossified 
in cartilage near the foramen but further above ossified in membrane. 
The interparietal is a small unpaired bone lying between the supra- 
occipital and parietals. The two parietals cover a large area. The 
frontals are paired bones that lie immediately in front of the parietals. 
They form the anterior part of the cranial roof, a large part of its side 
in front and part of the orbit. Each consists of a frontal portion 
proper and an orbital portion. The two portions meet at the 
supraorbital border overhanging the eye. This is produced in front 
and behind as the anterior and posterior supraorbital processes 
of the frontal. The orbital portion of the frontal forms a considerable 
part of the orbital wall. Anteriorly it is in contact with the lachrymal 
bone. 



oplic foramen 
squamosal 
parietal 


lachrymal 


inlerpaneta) 


auditory meatus 


j PM M j 

mfra orbilal zygomatic arch 
foramen 


alisphenoid tympanic bulla 


FiC. 420. .Skull of rabbit in lateral view. 


The remaining pan of the cranial wall is completed by 1. 
squamosal and 2. petrotympanic bones. The squamosa! i' a 
rectangular bone that forms a part of the lateral wall of the cranium. 
It articulates in front with the orbitosphenoid and orbital portion of 
the frontal, behind with the supraoccipital and petrotympanic and 
ventrally with the alisphenoid. It bears the zygomatic process of 
the squamosal. This process bears ventrally the mandibular fossa 
for the reception of the lower jaw. The petrotympanic is an oblong 
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bone that lies in the lateral wall of the cranium between the occipital anif 
• P oslen o r sphenoidals. It is composed of the periotic and the tymapnic 
bones. It is indicated externally by the tympanic bulla and the 
external auditory meatus. It articulates aoteriorly with the 
alisphenoid and the squamosal and posteriorly with the exoccipital. 
The petrotympanic comprises a petrous and a mastoid portion. The 
petrous portion contains internal ear. The mastoid forms the mastoid 
process between the exoccipitals and the auditory meatus. 

The facial Part " Ni V lsl 

The facial part of the skull is composed largely of membrane 
bones of upper jaw, the palate and the mandible. It also encloses 
the olfactory region of the cranium. 

A pair of nasals roof the nasal cavity. These lie behind the 
external narcs and articulate behind with the frontals. The nasal 
bone of each side meets together by a straight suture in the middle. 
Below this suture lies the internasal septum. The internal surface 
bears the nasoturbinal scrolls similar to the ethmoid labyrinth 

The bones of the upper jaw and the palate —The upper jaw 
is composed ot two cartilage bones on each side : the premaxilla and 
maxilla. These two together form the greater part of the facial region 

° ' ?““• T * p ; eraaxilla is vcntra > >° «he external narcs and bears 

teeth. The maxilla forms the lateral wall of the face and also bears 
teeth. In the rabbit it is fenestrated i.e , exhibits a network of 
perforations. The zygomatic process of the maxilla is fused with 
the zygomatic arch. The palatine process of the maxilla together 
with the prcmaxilla constitute the anterior part of the hard palate. The 
Orbital process of maxilla forms part of the wall of the orbit. The 
maxilla meets the frontal above by the frontal process. 

The palate or the roof of the buccal cavity is therefore not the base 

of The cranium (K,g. 4,7). There is a secondary or false palate (hard palate). 

This i, formed ,n front by the palatine processes of the premaxilla 

and maxilla. 1 oster. Orly the palate is formed by the palatine bone. 

The corner ;■ a vertical plate of bone, ihe posterior end of which 
is visible be! .id the palatine. 

The lower jaw.-The mandible or the lower jaw bone is 
composed of two portions- the right and the left halves - united in front 
y the mandibular symphysis. Each half consists of a horizontal 
body and a vertical mandibular ramus. The posteroventral part 
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ft' of the ramus forms the angle. The condylar process articulates 
with the mandibular fossa of the squamosal below the zygomatic arch. 
There is no quadrate between the mandible and the skull as in the 
frog. Nerves and artery enter the mandible by the mandibular 
foramen and leave by the mental foramen. 



The Ear Bones 

The tympanic bulla is closely applied to the outer surface of the 
petromastoid bone, a part of the cranial wall that encloses the 
internal ear. It thus encloses a tympanic cavity or the middle 
ear- This cavity contains a chain of three deliacte auditory ossicles or 
the ear bones. These bones transmit the vibrations of the outer ear 
drum to the inner drum. 

The chain of three ossicles comprises : 1. the malleusy 2. the 
incus and 3. the stapes. The malleus is a hammer-shaped bone 
with its head partly concealed in the external bony auditory meatu>. 
The handle or manubrium mallei is a stout vertical process of 
the malleus that lies in contact with the tympanic membrane The 
malleus is really the reduced articular bone of the mandible that 
has lost its connection with the lower jaw. The incus is directly 
articulated with the malleus. It bears a downwardly-directed long limb 
which articulates with the head of the stapes. The incus represents 
the very much reduced and modified quadrate of the upper jaw ot 
the frog. The stapes is a stirrup- shaped bone set transversely in 
the ear cavity. Its head articulates with the incus and its base plugs 


6i6 


INTRODUCTION TO ZOOLOGY 


ihe fenestra oval is (also called vestibular fenestra) that opens intoi 
the vestibule containing the internal ear. The stapes is a remnant of 
the columella auris of the frog. 

Dog Skull 

On account of its larger size, the skull of the dog is usually substituted 
for that of the rabbit. 

The dog skull contains essentially the same bones as in the rabbit. 
The cranial floor is formed by i. basioccipital, 2. basisphenoid, 3. 
presphenoid and 4. ethmoid. On either side of these lie respectively 
the exoccipitals, alisphenoids and orbitosphenoids. The supraoccipital lies 
above the foramen magnum. Interparietal, parietals, frontals and 
nasals form the roof of the skull. The premaxilla and maxilla constitute the 
upper jasv. The palate is formed by the palatine processes of the 
prcmaxilla and maxilla, and the palatine. The zygomatic arch bridges 
the maxilla and squamosal. 

The dog skull however differs from that of the rabbit in the 
following essential features : 

1. The jaws arc elongated to accommodate the large number of 

teeth. 

2. The postorbital processes arc short. 

3. The tymapnic bulla and the paraoccipital processes are united. 

4. The dentition is I 3 3, C 1/1, PM 4/4 and M 2/2 or 3. 
The upper incisors are pointed. The canines arc long and adapted 
for piercing and tearing flesh The largest of the teeth -the first 
mola« is modified as carnassial (Fig. 426) tooth for tearing flesh 
and • rushing bone. 

5. In the temporal fossa there is a bony channel— the alisphenoid 
canal > through which runs a branch of the carotid atrery. 

6. 1 he mandibular condyle is an elongate transverse cylindrical 
structure. 


Skull Foramina 

The skull is pierced by a number of apertures or foramina 
(singular : foramen) for the passage of nerves and blood vessels. 

1. Infroarbital foramen is a large opening in the maxilla at 
the beginning of the zygomatic arch. Branches of the trigeminal nerve 
and blood vessels pass through it. 
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* 2. Lachrymal foramen is at the end of the lachrymal bone and 

is connected by the nasolachrymal canal with the nasal cavity. It 
serves for the passage of the tear. 

3. Sphenopalatine foramen lies in the orbital part of the palatine 
bone, behind the lachrymal. Branches of the trigeminal nerve pass 
through it. 

4. Posterior palatine foramen is ventral to the sphenopalatine 
and communicates by a canal into the palatine process of maxilla to 
open at the anterior palatine foramen • Branches of the trigeminal 
pass through it. 



|f,„. 4 »2. Skull of dop in dorsal view. 


5. Optic foramen is in the orbitosphenoid for the p.'- W ‘'1 


the optic nerve. .... . 

6. Sphenoidal foramen lies between the 

and the alisphenoid. The oculomotor, trochlear, abduce ns 

the trigeminal nerves pass through it. 


orbitosphenoid 
and branches of 
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7. Anterior pterygoid foramen is the third foramen in thj t 
alisphenoid in the dog skull and serves for the exit of the external 
carotid artery. 

8. For men rotundum pierces the sphenoid bone between the 
alisphenoid and the basisphenoid. Branches of the trigeminal nerve 
pass through it. 



9- Posterior pterygoid foramen is confluent with foramen 

ovale. 

10. Foramen ovale is large in the dog and serves for the 
passage of the mandibular branch of the trigeminal nerve. 
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*1: II. Posterior glenoid foramen is a large aperture, for the 

passage of a vein, by the side of the tympanic bulla and behind the 
glenoid process. 



zygoma 


interparietal 


maxilla 


supra occipital 


* 


t 


F 10 424. Skull of dog in Ut«r«l view. Foramina : I. infraorbital viin.il, 
f». ethmoid foruincn, 6. optic foramen, 7. spcnoidnl foramen, 8. anterior pterygoid 
foremen. 9. posterior pterygoid foramen, 10. foramen ovale, II. posterior glenoid 
foramen, 12. external auditory meatus. 13. stylomastoid foramen. 

12. Carotid foramen opens in front of the tymapnic bulla and 
mesial to the opening of the Eustachian tube. 



cranialcavjty 


frontal sinuses 


floccular fossa 
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transverse 
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FIG. 425. Skull of dog cut along th» "• 

neido. Forominu: 1. incisive for omen. 2. 7. t-rameu. 

I. sphenoidal foromcn. 6. foramen rmun. um. e. for.men u M 

1. internal auditory meatus, 9 hypoglossal foramen. 10. condyh 

13. Stylomastoid foramen opens at the inner 
of the bulla or in front of the mastoid process in th> 
serves for the exit of the seventh cranial ( facial ) nerve. 
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14 Incisive foramina (anterior palatine foramina) open at the* 
anterior end of the ventral side of the maxilla and are bounded by 
premaxilla and maxilla. They connect the roof of the mouth with the 
nasal cavities but in life do not open into the buccal cavity. The 
nasopalatine branch of the trigeminal nerve makes its exit through it. 

15. Anterior (greater) palatine foramen opens on the 
roof of the mouth on cither side of the median line, between the 
maxilla and palatine It serves for the entry of an artery to the floor 
of the nasal cavity. 

16. Foramen posterior lacerum is a large irregular aperture 
on the posterior face of the lympanic bulla in the dog skull. The internal 
carotid artery enters the cranium and a large vein leaves it by this 
foramen. 



18. Condylar foramen opens on the lateral wall of the foramen 
magnum. 


19 - Mandibular foramen opens on the inner side of the 
mandible in front of the mandibular condyle. It seives for the entry 
of the mandibular branch of the trigeminal and blood vessels to the 
mandible and teeth. The mandibular nerve that enters here sends out 
a branch— the mental nerve through the mental foramen. 

20. Mental foramen opens on the outside of the mandible 
and serves for the exit of the mental nerve. 

Hyord apparatus.— The hyoid apparatus comprises the hyoid bone in 
front of the larynx. It is connected with the thyroid cartilage by a- ligament. 
Laterally it is articulated to the lesser cornu and greater cornu . 
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. Table of Bonf.s of the Mammalian Skull 

Rogion of skull 

Cartilage bone 

Membrane bone 

Floor 

Basioccipital 

Basisphenoid 

Presphenoid 

Pterygoid 

Vomer 

F 0 U 0 palato 

Palatines 

Maxilla 

Roof 

Supraoccipitnl 

Parietal* 

Frontnls 

Nasals 

Side wall 

periotic 

Ali9phcnoid 

Orbitosphcnoid 

Squamosal 

Lachrymal 

Tj mpnnic 

Uppor jaw 


Premaxilla 

Maxilla 

Lower jaw 


Dent ary 

Zygomatic arch 


Jugal 

Squamosal 

Ear ossicles 

Stopes 

Incus 

Malleus 

* 

Table of 

Foramina of tiie Mammalian Skull 

Foramen 

Bones 

Structure transmitted 


I. Infraorbital canal 

Maxilla 

Maxillary nerve of V 

2. Lachrymal 

Lachrymal 

Naso-lachrymal duct 

3. Sphenopalatino 

Palatine 

Sphenopalatine nervo and artery 

4. Postorior palatino 

Palatino 

Palatine nervo and artery 

G. Ethmoid 

Frontal 

Ethmoid branch of ophthalmic 

G. Optic 

Orbitosphonoid 

Optic tract 

7. Sphenoidal 

Between orbito-, ali- 

III, IV, VI and ophthalmic nerves 

and basisphenoid 

of V 

8. Antorior pterygoid 

All- and basispho- 
noid 

Maxillary nerve of V 

9. Rotundum 

Busisphcnoid 

Maxillary nerve of V 

10. Posterior pterygoid 

Alisphonoid 

External carotid 

11. Ovalo 

Alisphcnoid 

Mandibular norve of V 

12. Posterior glenoid 

Squamous portion 

Vein from tho transverse sinus «*l 

of temporal 

moninges 

13. External auditory 

Bulla of temporal 

Inlet to tympanum ol o.u 

meatus 



W. Internal auditory 

Petrous portion of 

VII and VIII ner\* s 

meatus 

temporal 


1G. Eustachian 

Between bulla and 

Tuba audition 

j’ r 

alisphonoid 

Loop of tl»- ioterM.1 carotid 
extends into tins f. • s '*ii« n 

10. Carotid 

Through temporal 


ventral to bulla 

17. Stylomaatoid 

Botwcon temporal 
and basioccipital 

Exit of VII 
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Foramen 

18. Incisivo 

19. Antoiior palatine* 

20. Posterior lacerum 

21. Hypoglossal 

22. Foramen magnum 

23. Condylar canal 

24. Mandibular 

25. Mental 


Bonod 

Between maxilla 
and premaxilla 

Between maxilla 
and palatine 

Between bullu and 
bnsioccipital 

Occipital bone 

Occipital bono 

Occipital bone 

Mandible 

Mandible 


Structure transmitted 


Connects with Jacobson’s organ, 
transmits nasopalatine nerve, 
Stenson's duct and palatine nerve 

Palatine nerve 

IX, X and XI nerves, internal 
carotid and veins from the mon- 
ingeal sinus 

XII nervo 

Spinul cord, veins and arteries 
from cranium 

Condylar vein from meninges 

Entry of mandibular nerve of V 
and blooa vessels 

Exit of Mandibular nervo of V to 
chin and blood vessels 


Comparison with Frog Skull 


1. The rabbit skull is more completely ossified than the frog 
skull. The only cartilagenous part is the mesethmoid that forms the 
internasal septum. 

2. The cranial portion of the rabbit skull is proportionately larger 
than in the frog skull. 

3. In the rabbit the occipital region ossifies in four centres to 
give rise to supraoccipital, two cxoccipitals and basioccipital. In the 
frog only the exoccipitals are found. 

4. Parasphenoid is absent in the rabbit skull. 

5. In the frog the cranial floor itself forms the palate— the roof 
of the buccal cavity, but in the rabbit there is secondary palate formed 
by premaxilla, maxilla and palatine. 

6 . In. the frog the internal nostrils open anteriorly in the buccal 
cavity but in the rabbit the formation of the secondary palate pushes 
this opening far backwards. 

7. The zygomatic arch is an important element in the rabbit 
skull not represented in the frog. 

8. The lower jaw is articulated to the skull by the quadrate in 
the frog. The quadrr.te having receded into the internal ear as the 
incus, the lower jaw ol the rabbit is articulated to the squamosal. 

9. The tympanic bulla of the rabbit is another character not 
met with in the frog. 

10. In the frog vomers bear the teeth but not in rabbit. 
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me I acromion 


infra spinous fossa 


The Appendicular Skeleton 

f , 

The appendicular skeleton of the rabbit comprises the ttoo limbs 

and the girdles by which the limbs are attached to the axial skeleton. 
The pectoral girdle attaches the fore limbs and the pelvic girdle 
attaches the hind limbs. 


Pectoral Girdle 


coracoid process 
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glenoid cavi(y 
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F 10 . 427. Scupulft of rabbit in dorsul view. 


The scapula. -The scapula is a subtriangular plate that lies antero- 
latcrally on the dorsal surface of the thorax. Its apex is directed below 
and in front. Its three borders are : superior border that is turned towards 
the head, the vertebral border towards the vertebral column and the 
axillary border towards the armpit. The scapular spine is a stout 
bony plate on its dorsal surface extending to about two-thirds the scapula. 
The scapular spine ends ventrally in the acromion process. The 
acromion bears behind a long melacromion ■ In front of the scapular 
spine is the supraspinous fossa and behind lies the infraspinous 
fossa- The subscapular fossa is on the ventral surface of the scapula. 
The scapular apex is expanded and bears the glenoid cavity , a concave- 
depression that receives the head of the humerus. The coracoid process 
overhangs the glenoid cavity in front. The suprascapula is represented by 
a narrow cartilage on the vertebral border and is lost in the dried skeleton. 


The pectoral girdle is light and is attached to the vertebral column 
only by muscles and by the sternoclavicular ligament. It does 
not directly articulate with the vertebral column. It comprises only two 
bones : the scapula and the clavicle. 
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The clavicle. — The clavicle is reduced to a slender curved bon® 
rod, between the manubrium sterni and the head of the humerus. 

Pelvic Girdle 

The pelvic girdle is more solidly built than the pectoral girdle. 

It comprises the ossa innominata or coxal bones and is directly 
articulated to the sacral vertebra. The coxal bone is roughly a 
three-rayed bone. The hind rays are united but enclose a large obturator 
foramen. The coxal bones of the two sides are united ventrally at 
the pubic symphysis or pelvic symphysis. Each coxal bone 
comprises the ilium, ischium and pubis, that meet at the acetabulum, 
the concavity for the head of the femur. The acetabulum itself is formed 
only of ilium and ischium. The ilium is the anterior and dorsal part 
of the coxal bone. The ischium extends behind the acetabulum. The 
pubis lies below the acetabulum. 

Comparison with the Frog 

The pectoral girdle of the rabbit is relatively small and is completely 
ossified, except for the vestigial cartilagenous suprascapula. There is ^ 
no calcified cartilage as in the frog. The suprascapula is not so large 
as in the frog and is lost in the dried skeleton. The coracoid is reduced to a 
small tubercle and fused with the scapula to form the coracoid process. 

The clavicle is also imperfectly developed. 

In the p/Avic girdle the ilium is relatively short. The three 
bones do not take part in the formation of the acetabulum. In the 
frog the coxal bones of two sides are completely united together 
behind. In the rabbit the union of the coxal bones of the two sides 
is only at the pubic symphysis, the ilial and ischial elements of the 
two sides do not meet. 

The Fore Limb 

The skeleton of the fore limb comprises a proximal, a middle and 
a distal segment. The proximal segment consists of a single bone-the 
humerus. The humerus consists of a shaft and proximal and 
distal extremities. The head of the humerus at the proximal extremity 
articulates with the glenoid cavity of the scapula. The articulation is 
a typical ball-and-socket joint. The lesser tubercle or medial 
tuberosity is front of the head. The greater tubercle is separated 
from the lesser tubercle by a groove on the anterior surface. The 
distal extremity forms the trochlea humeri or the pully-like articu- 
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Fin. 128. Tha p»lvic girdlo of rabbit in vonlral view. 
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420. Tho coxal bono of rabbit in lateral view from out aide. 
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lating surface The middle segment comprises two bones : the radius ^ 
and ulna. The radius is the shorter of the two. The head of the 
radius is immovably articulated with the ulna. Distally it bears the • 
articular surface for the carpals. The ulna has a pronounced 
olecranon process, that acts as a lever for the fore arm. Distally it 



Fio. 430. Skoloton of tho for© limb of rabbit. A. Posterior and B. antorior views 
of humerus. C. Rndius-ulnn in side view. 

extends beyond the radius. The radius forms with the trochlea humeri 
a hinge-joint or ginglymus. The ulna and radius being immovably 
united together proximally, the rabbit cannot rotate the palm, as is 
possible in man. 
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f The distal segment includes the carpals, metacarpals and 
phalanges. The carpals are nine bones arranged in two row’s. The 
proximal row contains the navicular, the lunate, the triquetral 
and the pisiform bones. The navicular and lunate articulate with 
the radius ; the triquetral and pisiform articulate with the ulna. The 
distal carpals include the greater multangular, the lesser mult- 
angular, the central, the capitate and the hamate bones. 



F10. 431 . Fomur of rabbit A. front aspect, B. back aspect. 

The metacarpals comprise five bones that form the supports for 
the phalanges. The phalanges are two in the thumb, three each in 
the rest of the digits. 
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The Hind limb ^ , 

The hind limb is serially homologous with the fore limb. The 
femur, corresponding to ihe humerus, is a long bone, with a slightly 
curved shaft. The head articulates with the acetabulum. At the 
proximal extremity the greater trochanter serves for muscle attachment. 
The hook-like third trochanter is a smaller lateral process. The 
lesser or second trochanter lies on the inner fide. Distally, the 



Fin. 432. Skeleton of iho foot of cat viewed from above. 

femur has a medial and a lateral condyle , separated by an 
intercondylar fossa. The patellar surface accommodates the 
patella or knee-cap. The tibia and fibula correspond to the radius 
and ulna. The tibia is larger than fibula and lies on the mesial side. 
It is fused with the fibula for more than half its length. The 
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triangular proximal end has a medial and a lateral articular surface to 
correspond to the medial and lateral condyles of the femur. The free 
part of the fibula is merely a splint. The combined distal ends of 
the tibia and fibula form the articular surface for the tarsus. 

The tarsus consists of a proximal and distal row of bones. The 
talus and calcaneus constitute the proximal row. The navicular lies 



Fig. 43 J. Tibia and (ibulu of rabbit. 

between the proximal and distal rows. The distal tarsals include the 
second and third cuneiform bones and the cuboid bone. The 
metatarsus comprises four bones, which are longer than the mctacarpals. 
The innermost metatarsal is vestigial. The phalanges are three in each 
of the toes except the innermost, which lacks the phalange. 

7. THE NERVOUS SYSTEM 

The nervous system of the rabbit includes a central and an 

autonQrnous system. 
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Central nervous system comprises the brain, the spinal cord and 
their nerves. 

The Brain.— The brain is contained in the cranium and is enveloped 
by connective tissue membranes called meninges . The outermost 
membrane is the thick, tough hbrous dura mater. Beneath this lies 
the thin and vascular pia mater. The delicate arachnoid membrane lies 
in between ihc dura mater and pia mater. 

The brain (Figs. 434, 435) comprises 1. the prosencephalon , 2. the 
mesencephalon and 3. the rhombencephalon. 

Prosencephalon — The paired cerebral hemispheres constitute 
the dominant portion of the brain. Dorsally they are closely united 
but are separate ventrally behind. The external layer or cortex is 
smooth and does not form convolutions as in the human brain 
The olfactory bulb lies at the anterior end of each cerebral hemisphere. 



The cortex of the two cerebral hemispheres is connected together by a white 
transverse band, the corpus cal losum> to co-ordinate their action. 

The dienccphalon is partly covered by the cerebral hemispheres. 
It bears the pineal body on a hollow stalk. On the ventral surface 
of the dienccphalon is the optic chiasma Immediately behind 
it lies the hypophysis or pituitary body , attached by the 
infundibulum. The narrow third ventricle of the brain is contained 
in the dienccphalon. The third ventricle opens into the lateral ventricles by 
the foramen of munro. The side wall of the dicncephalon is thickened 
into the optic thalami. The anterior chorioid plexus forms its roof. 

Mesencephalon —The boundary between the prosencephalon and 
mesencephalon is marked dorsally by the anterior edges of the four 
optic lobes or corpora quadrigemina. The anterior pair of lobes 
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r of the corpora quadrigemina correspond to the optic lobes of the frog 
and are called colliculi superiores. The posterior pair or colliculi 
inferiores serve as important reflex centres of the auditory system. 
Vent rally the mesencephalon is very short. It is occupied by a pair 
of ridges, the crura cerebri. The cavity of the mesencephalon 
forms the narrow iter 
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Fig. 433. Thu brain of rabbit in A. Uor&al and 13. ventrul viow. 


Rhombencephalon — The rhombencephalon comprises the cere- 
bellum and the medulla oblongata. The cerebellum forms a 
dorsal arch over the anterior part of the hind brain It is lobed and its 
superficial grey matter, called cerebellar cortexy is thrown into 
numerous transverse folds. The lobes of the cerebellum are five : 
vermis or the median lobe, a pair of cerebellar hemispheres or 
lateral lobes, and a pair of paraflocculus. 

The cerebellum is concerned chiefly with the co-ordination of muscular 
action. It regulates the muscular “tone” and helps maintenance ot 
equilibrium of the body. 

In order to co-ordinate their actions, the cerebellar and cerebral 
hemispheres arc closely associated together. The pons varolii , a 
transverse band of nerves on the ventral surface of the cerebellum, 
forms a part of the path from the cerebral to cerebellar hemisphere. 
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The part of the brain that lies behind the pons is the medulla * 
oblongata . The medulla continues behind into the spinal cord. It 
encloses the fourth ventricle, that opens in front into the iter . The 
posterior chorioid plexus forms its roof. 
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FlO. 430 . The brnin of robbil in median longitudinal section. 

Cranial Nerves 


Twelve pairs of nerves arise from the brain. Some of these are 
sensory, others are motor and still others arc mixed. 

1. The olfactory or the first cranial nerve arises from the 
ventral surface of the olfactory lobe. It is not a compact bundle but 
forms numerous threads that come form the mucous membrane of the 
nose through the apertures of the cribriform plate. 

2. The optic or the second nerve arises from the floor of the 
dicnccphalon in front of the infundibulum. The nerves of the two 
sides cross at the optic chiasma. They leave the cranium by the 
optic foramen and enter the eye ball Within the eye the nerve 
spreads out on the retina. 

3. The oculomotor or the third nerve arises from the ventral 
surface of the crura cerebri. It leaves the cranium by the anterior 
foramen lacerum (or sphenoid foramen). It innervates the superior, 
anterior and inferior rectus muscles and the inferior oblique muscle 
that rotate the eye 

4. The trochlear or the fourth arises behind the optic lobes 
trom the rhombencephalon and makes its exit through the anterior 
foramen lacerum. It innervates the superior oblique muscle of the eye. 
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*T 5. The trigeminal or the fifth is an important nerve. It 
arises by two roots from the anterior end of the medulla. They 
form the gasserian ganglion and soon afterwards divide into 
ophthalmic, maxillary and mandibular nerves. The ophthalmic 
branch makes its exit by the anterior foramen lacerum and passing 
over the eye, innervates the skin of the nose, orbit and snout. It is 
a sensory nerve. The maxillary branch, also a sensory nerve, similarly 
makes its exit and running below the eye, innervates the maxilla, the 
palate, upper teeth and the skin of the snout. The mandibular branch 
is a mixed nerve that leaves the cranium by the foramen ovale. It 
enters the lower jaw and innervates the lower teeth and the muscles 
that move the lower jaw. It also sends a sensory branch to the tongue. 

6. The abducens or the sixth nerve arises from the floor of 
,he medulla. It makes its exit from the cranium by the anterior foramen 
lacerum It innetvates the external rectus muscles of the eye ball. 


It is a motor nerve. . 

7 The facial or the seventh nerve arises from the side ot 

,he medulla and makes its exit from the skull by the stylomastoid foramen. 
It also gives a palatine nerve to the roof of the buccal cavity. The 
main nerve innervates .he muscles of the face. Some of its branches 
reach the tongue and are sensory. The facial nerve is thus a mixed nerve. 

8 The auditory or the eighth nerve (also called acoustic nerve) 
arises together with the seventh. It enters the periotic bone and innervates 
the internal car. It is mainly a sensory nerve that is concerned with 

hMring 9 The glossopharyngeal or the ninth nerve arises by several 
roots from the medulla and enlarges to a ganglion at once It makes 
its exit from the cranium by the posterior foramen lacerum. It ts a mixed 

nerve that innervates the tongue and pharynx. 

,o. The pneumogastric or vagus is the tenth cranial nerv- 

,hat arises close by .he glossopharyngeal. It also forms a ganglion. It 
makes its exit by the posterior foramen lacerum and runs down the c 
by ,he side of the carotid artery. It gives off several branch . ■ 

j of the spinal cord but enters the cranium ihr g 

~ — - — - 
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exit from the cranium again through the posterior foramen lacerum. ft 
is a motor nerve that innervates the muscles of the neck. 

12. The hypoglossal or the twelfth nerve arises from the posterior 
part of the medulla and makes its exit through the condylar foramen. 
It is a motor nerve that controls the movements of the tongue. 

The spinal cord.— The spinal cord is really a continuation of the 
medulla oblongata into the vertebral column. It is a thick, subcylindrical 
white cord enclosed in the neural canal of the vertebrae. It extends 
as filum terminate into the tail. It is not uniform in its thickness, 
but is enlarged somewhat in the neck and again in the lumbar region. 
The cervical and the lumbar enlargements are the regions from which 
arise the nerves of the fore- and hindlimbs As in the frog, the spinal cord 
has a dorsal fissure , a ventral fissure and a central fissure and a 
central canal running the whole length. The inner partis composed of 
grey and the outer of white matter. The grey matter is H-shaped in section, 
each half being produced into horns or dorsal and ventral columns. Like 
the brain, the spinal cord is also ensheathed by pia mater and dura mater. 
The spinal cord is concerned in reflex action. 

Spinal nerves —The spinal nerves arise by two roots, viz. dorsal 
and ventral. The dorsal is sensory and forms a ganglion. The ventral 
is motor. The impulses that pass through the dorsal root arc thus 
centripetal or afferent. The centrifugal or efferent impulses 
pass through the ventral roots and often produce muscular contraction. 
Directly outside the spinal cord the two roots unite together but redivide 
further on into a dorsal ramus and a ventral ramus or into 
ramus communicans that connects with the autonomus system. 

I here arc thirty- seven pairs of spinal nerves, which arise regularly as 
below : eight in the cervical region, twelve in the thoracic, seven lumbar, 
four in the sacral and six in the caudal. The spinal nerves leave the 
vertebral column by the intervertebral foramina. Most spinal nerves 
supply the body wall. The third spinal nerve also sends a branch to 
the pinna of the car. Branches from the fourth, fifth and sixth spinal 
nerves unite to form the phrenic nerve , that runs to the diaphragm. 
It controls the respiratory movements of the diaphragm. The fifth to 
the eighth of the cervical spinal nerves and the first thoracic spinal 
nerve form the brachial plexus. This plexus sends branches to 
the shoulder and forclimbs. The last four lumbar and first sacral spinal 
nerves similarly form the lumbo. sacral plexus , that sends branches to 
the hindlimbs. 
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*C The putonomous nervous system —The autonomous nervous system 
of the rabbit is similar to that of the frog. It comprises a sympathetic 
trunk , one on either side ventrally of the vertebral column. The 
sympathetic trunk extends from the origin of the trigeminal nerve to 
the posterior end of the body. It is ganglionated at intervals The 
ramus communicans from the spinal nerve is connected with each of 
these sympathetic ganglia. The sympathetic trunk is also connected 
with a collateral series of ganglia and through them with peripheral 
ganglia on the surface of the visceral organs. Nerve branches run 
from these ganglia to the visceral muscles and glands. 

A parasympathetic part of the autonomous nervous system 
comprises the connections with the sacral and third, seventh, ninth, 
tenth and eleventh cranial nerves. The parasympathetic portion does 
not join the sympathetic trunk, but its fibres connect with only peripheral 
ganglia. 

Sense organs 

The olfactory sense organ comprises neuro-cpithelial cells imbedded 
in the mucous membrane of the nasal chamber. The outer end of each 
is ciliated. At its inner end it gives rise to an unmyalinatcd nerve 
fibre that runs through the olfactory nerve to end in the olfactory bulb 

of the brain. 

Groups of minute fusiform cells in the stratified epithelium of the 
buccal cavity constitute the gustatory organs. Microscopic taste buds 
occur on the fungiform, vallate and foliate papillae on the dorsal 
surface of the tongue. 

The eye of the rabbit is built on the same plan as that of the 
f,og It is essentially a specialized part of the brain, viz. the retina 
that grows out on the end of the optic nerve. It is the light-sensitive 
surface on which the lens focusses images of objects. The whole 
structure is enclosed in a protective and light-excluding capsule or 
eyeball. The eyeball is nearly spherical. It is composed of dense 
connective tissue that forms the outer white opaque fibrous sclerotic 
coat The exposed surface of the eyeball is the uansparent cornea 
and here the sclera is absent. The cornea is a transparent sheet of 
connective tissue, that is a highly refractive curved surface. 

The vascular tunica is a pigmented thin middle coat, that 
comprises the chorioid on the inner surface of the sclera a muscular 
ciliary body and iris. The ciliary body is composed of numerous, 
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radial ciliary folds and forms a ring about the edge of the lens. The iro- 
• is a circular fold of deeply pigmented muscular diaphragm that adjusts 
the amount of light entering the eye. The aperture of the iris diaphragm is 
the pupil. The lens is smaller than in the frog and bfconvex, with 
the outer surface flatter than the back. It is suspended by fine zonular 
fibres , which are the folded margins of the ciliary body.. Normally 
the zonular fibres remain in a state of tension that maintains the flatter 
shape of the lens. The eye is thus focussed at “infinity” and is at 
rest. Contraction of the muscles of the ciliary body releases the tension . 
and the lens becomes more convex by its own elasticity. The eye now 
becomes focussed near at hand. The eye of the rabbit can thus be compared 
to a “bellows-camera” in which sharp focussing of objects at different 
distances is possible. The focussing is not however done by moving 
the lens back and forth as in the camera but by changing its curvature. 
This capacity for adjusting the eye for distant and near vision is called 
accommodation. The frog’s eye lacks the power of accommodation. 

The space between the cornea and the lens is filled with aqueous 
humor , and consists of an anterior chamber in front of the iris A, 
and a posterior chamber behind it. The two chambers communicate 
with each other through the pupil. The space behind the lens is the 
dark room that is filled with vitreous humor , a transparent jelly-like 
mass. 

The retina is the soft, light-sensitive membrane covering the inner 
surface of the chorioidca. The place of entry of the optic nerve is not 
sensitive to light and constitutes the blind spot. 

The retina is composed of several layers. Its outermost layer is 
composed of pigmented epithelial cells. Rods and cones , that are 
the actual nerve endings, project among these cells. The rods are sensitive 
to dim colourless light and the cones are the colour receptors and are 
active in bright light. The rabbit has very few cones and it is therefore 
nearly colour-blind. 

The eyeball is enclosed in the orbit and is rotated by the following 
muscles in the rabbit : obliquus superior and inferior ; recti superior, 
inferior, medials and laterals and rectractor oculi. 

The Harderian gland is a lobulated mass in the anterior part 
of the orbit. It consists of two portions : a large, pale red postventral 
lobe and a white anterodorsal lobe. They open by a common duct on 
the inner surface of the nictitating membrane. The Harderian gland is 
absent in man. The temporal region of the orbit encloses the smaller 
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darker and lobulated lachrymal gland (also spelt lacrimal). Several 
fachrymal ducts open within the upper eyelid. 


The ear. — The car is the sound receptor and static organ 
or receptor for equilibrium stimuli. The actual sensory areas are the 
walls of the membranous labyrinth (Fig. 437). 

The ear includes the external , middle and internal -ears. 
The external ear comprises the pinna and the external auditory meatus. 
At the bottom of the meatus is stretched the tympanum . The pinna 
serves to collect* and transmit the sound waves down to the tympanum. 
The middle ear is behind the tympanum and lies in the tympanic cavity of 
the tympanic bulla. The eustachian tube connects the tympanic 
cavity and the pharynx and equalizes the pressure on both sides of the 
tympanum. The chain of the delicate auditory ossicles lies in the 
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tympanic cavity. The malleus is in contact w.th the tymp^um. 1 . 
articulates with the incus and the latter with the stapes > he »•', 
loosely plugs the fenestra avails in the periot.c bone i c -nestr.. 
ovalis is really an opening in the bony labyrinth corre^pc n< i 
the membranous labyrinth that it contains. 
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The internal ear includes the membranous labyrinth enclosed in £ 
corresponding bony labyrinth. The membranous labyrinth of the rabbit 
is essentially the same as in the frog. It comprises the utriculus, 
into which open the three semicircular canals. The semicircular 
canals are anterior, posterior and horizontal, each perpendicular to the 
other. Each semicircular canal has an ampulla at one end. The 
semicircular canals constitute the static receptor part of the membranous 
labyrinth. The ductus endol ymphaticus from the utriculus runs to 
the cranial* cavity and ends in a blind sac within dura mater of the 
brain. The sacculus is connected with a spirally coiled cochlea or 
the auditory portion of the membranous labyrinth. Within the cochlea 
is the complex organ of corti that contains the fine endings of the 
actual auditory sensory nerves. The cavity of the bony labyrinth is filled by 
perilymph fluid and the membranous labyrinth by endolymph. 

Changes of position of body in any of the three planes cause the 
flow of the endolymph in one or more of the semicircular canals. The 
receptor nerve endings in the ampulla perceive and transmit these 
movements to the brain. The nerve endings in the utriculus and sacculus 
respond to the gravitational change of position. The vibrations of the 
tympanum caused by sound waves arc transmitted by the auditory ossicles to 
the labyrinth and cause corresponding waves or changes in the pressure 
of the perilymph. These vibrations are perceived by the organ of 
corti. 


RESUME 

1. Tho rabbit is n herbivorous mammal belonging to the order Logomorphft. 
If epaontially a burrowing animal. 

2 . Tho body of tho rabbit is clothed by huirs. Some of tho hairs are 
modified us vibrissne. Tho pinna of tho oar is long. Eyes have movable lias. 
Tin* urinogenitnl aperture is separated by the perineum from tho anal aperture. 

3. A muscular diaphragm divides the thoracic from the abdominal cavity. 

4. The alimentary canal includes tho salivary glands and a capacious caecum. 

5 . There is n four-chamborcd heart in which the venous blood is confined 
to tho right sido and the urterial blood to the lelt side. 

6 . Tho arterial system consists of tho pulmonary artery from tho right 
ventricle und of tho left aortic arch from tho loft ventricle. i ho aortic area 
gives oil carotid and other arteries and continues as tho dorsal aorta. 

7 . The venous system consists of tho pulmonary vein, tho two procavals 
and tho postcaval that open into the left auricle There is only tho hopatic 
portal but no renal portul system. 

H Tho lungs arc filled and exhausted by the notion of tho diaphragm 
and of the intercostal muscles. 

Tho kidneys are tho excretory organs. Tho ureters leavo tho kidneys 
from the mesial side and open into tho urinary blndd-r. There is no cloaca. 
The urethra from the bladder joins the genital ducts to form tho unnogomtol sinus. 
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10. The testes are abdominal at first but later descend into the scrotum 
l/o become inguinal. Part of the vos doferens forms the epididymis. The penis 
boars tho outer opening of the vas deferens. The ovaries are abdominal. Each 
ovary contains numerous graafian follicles enclosing the ova. Tho fallopian tubes 
opon close by the ovaries and onlnrge behind into the uterus. The uterus of each side 
communicates behind into the vestibule that opens to the outside by the vagina. 

11. Tho vertebrae nre plotycoelous. There are seven cervical vertebrae that 
nr© rocogni/cd by the costo- transverse foramina The axis vertebra has a 
conspicuous odontoid process. Thoracic vertebrae havo costal facets for the 
articulation of ribs. The os sacrum comprises four fused vertebrae. Caudal 
vertebrae arc mostly reduced to mere cylinders. 

12. The ribs form a basket-work enclosing the thoracic viscera. 

13. The skull is complotoly ossified oxcept for the mesothmoid. The floor of 
the cranium is formed of primary bones and tho roof of dermal bones. There 
is no parasphenoid. The lower jnw is articulated to the squamosal. There is a 
conspicuous zygomatic arch. Tho qundrnto is reducod to the minute incus of the 
middle ear. 

14. The pectoral girdle is reduced to tho scapula and a slender clavicle. 
The pelvic girdle has an obturator foramen, a pelvic symphysis and an acetabulum. 

15. In the limbs tho radius and tdna and the tibia end fibula arc nearly 
separate. 

111. Tho eorebral hemispheres are large. The corpus callosum co-ordinates 
1 la ir activities Tho cerebral cortex is an important feature of the rabbit brain. 

17. In addition to the ten pairs of cranial nervos found in the frog, the 
rabbit has an eleventh spinal accessory and a twelfth hypoglossal pair. 

IS. The eyo hns flatter lens than in tho frog. Tho curvature of tho lens 
is capable of being adjusted for focussing objects at difTcront distances. 

It). The membranous labyrinth is enclosed in a bony labyrinth. The semicircular 
canals, nlricultis and sncculus are static organs. The cochlea is the auditory 
perMen. 
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ANTHROPOID APES AND MAN 

A. ANTHROPOID APES 

The anthropoid (= man- like) apes are arboreal mammals, that lack 
check-pouches and tail. They are so called because of their close resemblance 
to human beings. There arc four genera represented by living species at 
present : gibbons, orangutans, chimpanzees and gorillas. These apes can 
assume a semi-erect posture. They have all opposable thumbs and 
great toes. Except the gorilla, they are essentially tree-dwellers. The 
scapula and the arms arc long and adapted for brachiation or swinging 
by the arm (Fig. 438). The hands and feet are adapted for grasping the 
branches. The jaws and teeth arc powerful. Apes cannot articulate words. 

The gibbons (family pongidae) (Fig. 438) arc completely arboreal but 
often descend to the ground and run erect. They can even walk on swaying, 
branches or ropes without losing balance and falling down. There are tWb 
species : Hylobatts lar the white-handed gibbon and //. hoolock the Jjoolock 
gibbon. They inhabit the dense forests of Assam, Burma, Siam, Indo- 
China, Malaya and Borneo. Their food consists of leaves, fruits and tender 
shoots, varied with spiders, insects and birds* eggs. Their voice is powerful, 
resembling human wailing at a distance. They call each other from sunrise 
to about 10 A. M., then feed or rest and resume calling in the evening. At 
night thvy sleep sitting on the branch, with the head buried between 
the kn* s. 

1 •. jo i*aly r us (“man of the forest”) or the urangutan , strictly 
ai'-»o* *ai. .nhacits the swampy forests of Sumatra and Borneo. It stands 
a. ut /, ft. high, has sparse, coarse, red hairs. Its food comprises fruits, 
especially the delicious durian. The arms reach to the ankles ; the legs are 
short. Old males often develop long moustache. The orang has an 
cnormoi; air-sac, extending from the larynx to the armpits, and serving as 
voice-rcsopaier. 

The c'.i. mpanzee, Anthropopith cus or Pan troglodytes, inhabits the 
forests of equatorial Africa. It is more human in appearance than all the 
other apes. 1 he brain is highly organized. The coat is long, black or 
brown but the face is nearly free from hairs. The chimpanzee is easily 
trained to wear cloths, cat with spoon and ride tricycles. It likes human 
company. 


ANTHROPOID APES AND MAN 


64 


The gorilla is the largest and the most man-like of all the apes. 
Gorillas occur in equatorial Africa. They are the strongest of all the epcs 
and often weigh nearly 580 lbs. and stand nearly 5* feet high. Gorillas live 



Fhj. 4.*H. Hylobatti lar t Iho gibbon, is an example of extreme spn-udi/.ii 1 . m l«r 
nr boron I life. It swings on its hands from branches, foods on leaves, fruits ll..u*r.-, 
spiders end insects. (Jibbons occur in Sinin, Tcnusseriiu, Mid .yn nnd l.«»\tor Iturmu. 
(From Pocock, Fauna of Itriliah India). 


in families under the leadership of an old male. They construct crude huts 
of sticks and leaves. 
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B. MANKIND 

MAN’S PLACE IN THE ANIMAL KINGDOM 


All living races of man are placed in one species. Homo sapiens 
of the family Hominidae. Man’s place in the animal kingdom is as 
follows : 

Phylum CHORDATA 

Subphylum CRANIATA (= Vertebrata) 

Class MAMMALIA 

Infraclass E u the ria 
Order Primates 
Suborder Pithccoidca 
Superfamily Hominoidca 
Family Hominidae 
Genus Homo 
Species sapiens. 

I he family hominidae is distinguished from pongidae (apes) by the 
following characters : 

1. Man is completely terrestrial, highly gregarious, social and - 

omnivorous. # 

2. Erect posture is complete and more perfect than in the apes. * 

3. Brain is of far greater functional ability, of larger size and of 
greater complexity. 

4. The skeleton is of different proportions. 

5. Fa^e flatter and more vertical than in the apes. 

6. Brov- ridges less prominent. 

/ • Lower jaw less projecting. 

N. Teeth nearly evenly sized. 

9. Hair long and growing continually on head but sparse and short on 

the body. 

10. Arms shorter and more generalized. 

1 1. Thumb belle 1 developed. 

12. Big toe noi opposable. 

13. Vo'ce c m be articulated into speech. 

Erect posture. The erect posture or the ability to stand and move on 
two legs distinguishes man from all other animals. This frees 
the forehmbs from the burden of supporting the body. The arms and hands 
are thus free to pick up food, convey it to the mouth, or hold it for close 
inspection by the eyes. Man’s ability to make and use tools, in fact human 
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civilization, is directly due to 1. the gripping capacity of the hand inherited 
from ancient arboreal life and 2. perfection of the erect posture. Assuming 
an erect posture has caused several other modifications : the vertebral column 
curves forward in the neck and lumbar regions. The centra of the lower 
vertebrae are large to support the weight above. The pectoral girdle is 
light and less firmly attached but the pelvic girdle becomes strongly 
developed. The foot is arched to absorb shock and jars due to contact 
with the ground. 

Size.— The normal size of man is about 5} to 6 feet. Exceptionally 
midgets measure only 3 feet tall and giants exceed 9 feet. Men living 
in countries of extremes of climate are usually short but those living under 
temperate conditions are tall. 

Skin —The human skin is thin and delicate. It is thickened into 
calluses only on the sole of the palm and feet. The skin colours arc 
white, yellow, brown and black. Human skin is rich in sweat glands. The 
human hair differs in length and amount according to sex and race. The 
Oriental races have, for example, straight black hair and the Negroes have 
woolly and kinky hairs. 

f Teeth. — (Fig. 439) Man being omnivorous, his teeth are less 
conspicuously differentiated than in many mammals. The teeth are also of 
nearly equal height. The milk teeth arc 20 and the permanent vary from 28 


to 32. 

Reproduction — Puberty is the time when human beings reach 
sexual maturity. It varies from 14 to 17 years of age and is characterized 
by marked changes. In the males the beard and the body hair grow and the 
shoulders broaden. The voice deepens in pitch. In the females, this period 
is marked by the enlargement of the mammary glands and hips and 
deposition of subcutaneous fat. A recurrent discharge of blood, mucus and 
epithelial cells from the uterus (Fig. 443) constitutes menstruation about 
every 28 days. This discharge is regulated by the endocrine secretions. 
Menstruation ceases during pregnancy and lactation and also after about 
45 years of age. One ovum passes down into the uterus some days aftci a 
menstruation ; a woman altogether passes out nearly 400 ova during her 


life. 

The fertilized ovum gets implanted in the mucous lining of the 
uterus. Shortly after the formation of the embryonal envelopes, a placenta 
appears. The embryo completes its development in about 280 da>s. In the 
vast majority of cases, a woman gives birth to only one infant at a time. 
Twins, triplets, quadruplets and quintuplets are known. Out ol every 88 
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births one is a twin ; one a triplet out of every 7600 births ; and quadruplet* 
out of 670 000. Fifty known cases of quintuplets have been recorded but only 
exceptionally, as for example, the famous Dionne quintuplets, all the infants 
survive. 


I C PM M 



439. The human dentition. A. Upper and lower tooth. B. Section through 
" • i'i *lnr tooth. The tooth of man are the least specialized: they arc adapted for 

nn omnivorous diet. 


Classification. — 

All t!ic ha man beings living at present belong to a single variable 
specie: • mr snpim*, divided into numerous races y that freely interbreed. 

Dii -i x r-ces of mankind have been blended by intermarriages, so that 
a c u-wut delimitation is not always possible. Anthropologists 
disiin^ :!$■» rh »:\.* of mankind by differences in 1. the form of the 
hai.‘— stnigi 1. t-vm. or curly—, 2. hair colour, 3. skin colour— white, 
yellow, brown oi bled:—, 4. form of head, 5. facial features and 6. stature. 
Spool's// •/*;• \o/i!cn- 

(•roup I. N l.i i.« >11). Hair woolly; skin dark; no9o broad and flat; lip® 
thick ; eves prominent : teeth large. 

Race i. NKnuii.Lo. Skin yellow ; hair short, dusty brown ; stature 66". 
Congo pigmy men of forests of equatorial Africa. 

Race ii. nusiiMVN. Skin yellow ; hair short; buttocks enlarged in femalos; 
stature ISO". Kalahari desert of.Xfrico. 

Race 1 ii. NEGRO. Skin black; head long ; legs short ; stature 68". Formerly 
from tropical .\fn<*u now in Guinea. 


* 
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Race iv. 
Unco v. 
Group II. 

Race i. 

Race ii. 
Race iii. 
Rare iv. 
Race v. 
Race vi. 
Knee \ ii. 
Group III. 

R icv i. 
R ico ii. 

Race iii. 
Race iv. 

Race v. 

Race vi. 
Race vi i. 


NEGRITO. Skin dark ; huir short ; stature 57— 00" Maluya, 
Andamans, Dutch New Guinea, Philippines. 

Melanesian. Skin chocolate ; head high and long ; stuture 03". 
Fiji Islands. 

MONGOLOID. Hair straight, coarse, black ; sparso on faco ; 
skin yellowish ; face broad, with prominent check bones ; nose 
sinull ; eyes narrow’ ; teeth moderate size. 

Eskimo Skin yellowish. brown ; face tint, round, Mature 0(i". 
Greenland Arctic coasts of North Amcricu und Northeastern 
Asia. 

RED INDIAN. (Nothcrn Amerind) Skin yellow to red ; nose straight 
or convex ; stolure 09". North Amcricu. 

PATAGONIAN. Skin deep brown ; head short ; faco square ; stature 
11 ". South America. 

Mongols. Skin pale yellow ; face round or s<|uurc ; stature medium. 
Mongoli 1 China und Indo-Chinu. 

INUONK IAN J*kin yellow or light brown ; hair him k ; ehe> k promi- 
nent ; nose II .t ; stature short. Fast Indi -s. 

I’OLVNH >IAN. Skin yellow or light brown ; huir straight or wavy ; 
110*0 prominent: staluro tall. Hawaii, Soinou, New Zealand. 

IV'RKO TARTAR. Skin pale yellow; faco long; noso straight; 
lips thick. Turkey and Central Asia. 

CAUCASOID. H dr Straight, smooth to wavy ; skin light-euloured; 
heard well developed ; noso narrow and prominent ; cheek not 
prominent : teeth tine and small. 

AUSTRALIAN. .Skin dark-brown ; hmr straight or wovy; forehead 
receding ; jaw prominent ; nose Hat. Australia 

DRA VIDIAN. Skin dark brov.n ; hair brownish -black ; curly and 
abundant. South India.* 

indo* ai oil an. Skin light-brown ; huir bluck ; lull. Kashmir. 
ETHIOPIAN. Skin reddish-brown or dark brown ; hair brown or 
black. North Eastern Africa. 

ARMENOID. Skin black; lu.ir durk brown; wavy and abundant ; 
nose hooked ; stature medium. North-east Mediterranean region. 
ARAU. Skin pale tawny ; huir bluck. Arabia. 

NORDIC. Skin red disli- while ; hair red «-r pale brown ; head long; 
nose prominent . stature tall. Northern Europe. 


Structure 

The human body contains the same organ systems as in the frog 
or rabbit. The differences are only of proportions of various parts and no 
new organ system occurs in man that is not found in any other animal. 

Digestive system — The digestive system of man (pi. iv) comprises 
the same organs as in ihe rabbit. The same enzymes are secreted to 
split up the food into glucose, glycerol, fatty and amino acids, etc, 
for absorption. The caecum is however reduced to a mere vestige viz. 
vermiform appendix - Thisjs^ because man’s food is not simply 

♦^Thcro is considerable race mixing in India, for example, tic* Mongoloid- 
Dravidian from Bengal, tho Scythio-Dravidian from Bombay ond tie wot and He- 
Indo-Afghan-Dravidian from the United Provinces. 
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skull 


sternum 


vertebral column 
ulna 


obturator 

foramen 


patella 


fibula 


zygomatic arch 
mandible 
clavicle 

scapula 
ribs 

humerus 




metacarpals 

phalanges 




tarsals 
metatarsals 
phalanges 

!*l«. 440. 'I hr linn!. in »ki-|fi«-n in front view. It is renmrkublc for tho enormous 
. ® rnn,um b '.' 1 *"*»**** cssriiiinllv of the sumo bon«U ne tho frog or rubbit, thnt 
dilter only in proportions. 
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* uncooked vegetable matter ; man is omnivorous and takes relatively 
concentrated food. A long caecum is unnecessary. 

Circulatory and respiratory systems. - The circulatory system of 
man comprises 1. a completely four-chambered heart, 2. the left 
systemic arch and 3. veins. As in the frog and rabbit, the heart 
pumps the blood c. to the lungs for oxygenation and 2. to various parts 
of the body. It thus differs from that of the shark, because in the latter 



frontal 


zyqoma 


mastoid process j 


mandible 


z rrr— , <■- ^ » ari u, " , f,,r 

ititiun. 


animal .he hear, pumps the blood only to .he g.lls. In . i human embryo 
about 4 mm long the circulation is on the shark-l.kc ■pl-n. rhe 
same aortic arches give off branches to the gill slits, .hough there 
is no gill in the human embryo. There is only one por.at the hepatic 
-circulation in man : there is no renal portal as in frog. 1 he red corpuscles 
are biconcave non-nucleated bodies. 



cerebrum 


^ fornix 
thalami 


vehfncle 


medulla oblongata 


44'.?. Tlu* li a iiii i«» >•1.111: i> 
contains the snme part-* us ii. tin- j,-.. 
median eection in lateral view trom i 


kalilo for iho grout si/.** of the cerebrum but 
til la'eral view from the right. B. Vertical 
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* Respiration is effected in the human being by the rhythmic movements 
of the ribs and the diaphragm. The ribs are set obliquely. They are 
pulled upward and outward by the scalene and intercostal muscles 
The abdominal muscles pull them forward and downward. They 
also rotate outward as they move upward and thus increase the chest 
cavity. The air pressure is reduced in the lungs and fresh air rushes 
in. The diaphragm acts as a kind of bellows for the chest cavity. The 
respirator) movement is mainly thoracic in women and diaphragmic in 
man. 



■linn m»cI ion lli'routfl. tin- |MinU*ri«»r |wrt ol (In* 


Kio. 44S. DnignininiHiif iii.mi . , , 

||.ji|y to allow t In) tf.-i.it .1 and MHociatvU or*nn» in »Ik- frmuk 


Urinogenital system - (Figs. 443. 444 ) The kidneys are the excretory 
organs in man. The reproductive organs comprise ovaries and testes. 
The posterior parts of the oviducts unite into a thick-walled uterus 
or womb, in which the embryo develops. The testes descend from 
the abdonimal cavity into the scrotum in man and many otlui 
higher mammals. 

Skeletal system -(Figs. 440 . 44')- The skeletal system ol . 
contains nearly the same bones as in the rabbit, but the bone 
different proportions. The vertebral column is formed round the n< 
and supports the skull, ribs and internal organs. 

The skeleton is essentially the passive element of th omo . t 
apparatus of an animal. 1 he primitive vertebrates lived in w.> -nd swam 
by undulations of the body. The fins served as rudder, and 1^1 .neers. 
In the lungfishes the fins became paddles. When animal ‘-'.twkJ "" 
land these became limbs. Then the animals manage.! .0 rise the belly 
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off the ground and next climbed trees. The limbs now served 
for grasping the branches. When the ancestors of man descended to 
the ground, they stood semi-erect. The fore limbs, now freed from 
locomotor function, came to be used in picking food, making tools, etc. 
The skeletal system of man is thus merely that of a frog or lizard 
perfected for an erect posture and locomotion on two legs. 

Nervous system-— (Fig. 442) In addition to the ten pairs of cranial 
nerves of the frog, man, like the rabbit, has a pair of spinal accessory 
and hypoglossal nerves In lower vertebrates, like the shark, the 



unnery bladder 
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pub*oy««jtyvs 
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**•*• Diagrammatic wediun section through tho post erioc,* purl of the 
hiiinuu hotly to show the genital and associated struct ores in tho malt*. 


brain serves mainly for smelling, seeing , balancing , feeling and 
tasting. Its actions are mostly reflex actions and are controlled by the 
senses. In mammals and man the reflexes are largely under the control 
of the hr tin, and actions are controlled by ideas. Speech is the most 
important eb s actor of man. 


History of Mankind 

Man t j very recent creature on the earth, which is estimated 
to be -u'oui million years old. Hardly half a million year has 

passed since tin- pjoa-cnce of human beings. 

The first o. t?v. definitely human ancestors was Java Ape man or 
Pithecanthrope , (Figs. 445 A,B,C ) Part of skull, lower jaw, femur 

and some teeth of this ancestor were discovered in Java. He had 
low cranium, heavy brow ;:Jgcs and stood semi- erect. He could probably 
speak but perhaps made no tools. His estimated age is half a million year 
ago. 
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V Sinanthropi p. kin e ns is or the Peking man had better developed brain 
and could make tools of bones and stones. He also knew the use of fire. 






Km 413 Extinct men. Min i« a very recent creature on earth : the "Id. 
f« )lW j| belongs to the Pleistocene — hardly a million year ago, while life Ini* f • 

evolvin'* for over at least 4500.' OO.OoO years. A. Front View, B. JS«*nn|»rohl I 

C ProlHe of Ape man of Java, I’ilhecanlhrop"* crcrtu *, discovered in He i» -li * in 

lava in li»2l ; cranial capacity about 02 of man and I nearly twi-c that • '-"rnl... 
IWowd articulate speech. Stature ft ft # inches. Not in direct lm* 1 hniu.in 
dcRcent. Early Pleistocene ( Pro- Palaeolithic) 4 million year ago D. I •< m n 
Ena n thro pug dausoni Discovered in 1912 from Thames gravel at il« - - ... 

England Cranial wall very thick, bruin nearly human. Not in 

human descent. Lower Palaeolithic of the Pleistocene ncaly 1 mil '• •• • 
(Original photographs of plaster models of reconstructions n, a n ull .0 • - >'• '■ < “>J'I 

Museum, St John’s College. Agra). 

Euanlhropus dawsoni or the Pihdown man (Fig. 445) wa* ncarl y as 
old as Java man. Fragments of skull, mandibles, a few teeth were discovered 
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in Sussex .England) along with flint insiruments»and 16" tool of bone cf aiW 
extinct elephant. 

Homo neandertaUnti* or the Neandertal man (Fig. 446) was definitely 
human. He had large face, protuding jaws and somewhat stooping gait 
Knew the use of stone implements. He flourished in Asia and Europe 
about quarter of a million year ago. 




i'n. II**. r.Miif" iim'ii. (.‘••iiliminli.'ii hi tig. 415. A. Ncundcrla) man Homo 

• ../ ... . ... %. I I.-. I iicnr l>u>h« I.Iorf, Germany in h'C. Bruin human, cliost 

» .ru»\ km *• ' • hi, and atocky build. Stulurc 5 ft. Slow moving. Interglacial 

! i-i.i.-.*iii*, ; million your ago. B. Cro-inugnoti mini Homo *upicna. Discovered ot 

• (WhI.’s) and Aiiriinviu iKriinw) in 1S62. Liiler 2 skeletons unearthed lit 

1 t:».nxin»n t I'Vanct*) in iSrtH St.itiin* «-r« « i. ti ft. nude. 5 It. fcmulc. Swift footed. 
\ //■■it-ri a/h- <•( *• r *»-•<«/./> >J rcruii.%lriicliot.a in a trail rase in the 

/• ,'/i/*. »(•' St t’hf’n t . |»/r*i>. 


//' or the Cro-magnon man (Fig 446) lived in caves 


•I'Huit 41 • 0; •: v.i»*. 

ago. He 

and pjinw\: • :l*.e 

:. ve walls. 


.. I «!•• : 1. 

from It. ... |‘ . 

• l It, ,l.\ . 

• " • .1 «. 1 : . 

4 / 

disi-ov r»* 1 

* '• i’.' . tili-i 

i:i tin* ilin 11, 1 

• ' I||0« 

The mode: :: . 

• e- .*•' 

The cradle t t !:• 

n.»n ra 

everywhere. Lur.v 

man was 


a iniiii. 


fruit and roots Later !:.• beeime .1 /•*««/ /ir,.dnc*r and domesticated animals 


and cultivated plants. lie !- .1, enemy of practically every other animal in 
the world. The only anim . ! that he possibly befriended at an early period 
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♦was the dog. He differs from all other animals in his unnecessarily and 
abnormally over-developed brain -he is at once distinguished from the rest 
of the Primates by his “swollen head”. 

# 

Hbsune 

1. The Anthropoid opes are arboreal mammals without tail nnd chctk pouches. 
They include the gibbon*, orangutans, chimpanzees and gorillas. 

2. Man is characterized by erect posture, ability to articulate words and by 
generalized dentition. 

3. All tbe human beings living at present belong toa#nglo species Homo sapiens, 
subdivided into various races, r »:., Negroid, Caucasoid and Mongoloid. 

4 Man is of very recent origin. The earth is estimated to ho 33. ‘.0 million years 
old but man appeared Imrdly a million year ago. Scvoral fossil species of man are 
known, c.//.. Pithecanthropus rrectu*, Homo meanderlalensis, otc. 
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CHAPTER XXV 

GENERAL PRINCIPLES OF BIOLOGY 

1. ANIMAL ECOLOGY 

Fundamental principles of ecology.— ANIMAL ECOLOGY (oik os = 
house) deals with the interrelations of animals and environment or 
their surroundings. It is essentially a study of the animal in its house. 

Not only animals and plants are interdependent but every animal 
is also linked with every other animal in some way or other. * It affects other 
animals cither for good or for bad and is in turn affected by them. 
Furthermore, organisms are not only influenced by their nonliving surround- 
ings, but they also act on the latter. The vegetation of a region, for 
example, is determined largely by its climate, topography, etc. The 
vegetation at the same time exerts its own influence on the climate, 
configuration and fauna of the region. Organisms are not thus isolated 
entities but form an integrated port of the whole. Not only all life is 
one but life itself is a part of Natvre. The fundamental principle that 
underlies animal ecology therefore is : Every animal is a part of 
/he. environment; it is a member of Nature, in which it plays a definite 
role. An animal and its environment are mutually interactive and 


adjustable. 

The interrelations between animals and their environment arc very 
complex. These interrelations show two naturally opposing tendencies : I. 
infinite increase of the animal on the one hand and 2. total annihilation 
on the other hand. The resultant of these two mutually opposing, 
interacting and adjustable tendencies is the animal. This resultant is 
a dynamic equilibrium between the favourable and unfavourable influences. 
There is thus a balance of Nature , which possesses in itself the power 
of automatic readjustment if the equilibrium is disturbed. The 
environmental influences that interact with the animal constitute 


ecological factors . 

Analysis of ecological factors. — The ecological factors are of 
the following kinds : 

1. Physiographic^!, or abiotic or inorganic factors 

2. Bioconetic, biotic or organic factors and 

3. Supcrorganic factors due to the influence of the intelligence 
of human activities. 
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+ The abiotic factors arise from the nonliving environment and comprise 
climatic or geographical and local influences. Climate depends upon 
latitude and altitude. It is determined by temperature, humidity, 
rainfall, light, pressure of atmosphere, wind, composition of air, atmospheric 
electricity, etc. The local factors originate from differences of location such 
as nearness to water, shelter, mechanical layering and structure of 
soil, presence of insurmountable barriers like high mountains, seas, 
slopes, etc., and currents and torrents 

Biotic factors emanate from the living environment or bioconesis as 
it is collectively called. It includes the conditions of nutrition, reproduction, 
social relations to-foreign organisms, natural enemies, etc. 

As long as the ecological factors remain at the same average, the 
density of population and thus the composition of the bioconesis do 
not fluctuate far from the mean permanently. Such a state is called 
stability. Changes in the ecological factors necessarily cause changes 
in the bioconesis also. Such changes in the bioconesis constitute 
succession. With the stabilizing of the factors once more succession 
leads to an end stage representing the true bioconesis of the locality, 
a condition called climax or Schlussverein. 

The supcrorganic factors emanate from the activities of human 
beings Deforestation, monoculture (growing one kind of plant or “crop”), 
draining of marshes, pollution of rivers by city and industrial wastes 
arc some of the examples of the effects of civilization. The topography and 
climate of a region are fundamentally changed by human activities. 

The various ecological factors act on the animal not only separately 
but the sum total of all the factors itself forms a factor. For each 
ecological factor there is a minimum or threshold value, below 
which the animal cannot exist. If the factor increases, an optimum can 
be reached when the conditions are most favourable for the animal. The 
factor can increase still further and reach a maximum or upper 
vital limit beyond which again the existence capacity is lost. 
Ecological valence of the animal is the amplitude between the 
minimum and maximum factors within which life is possible. The 

effect of the ecological factors is perceived in changes in the population 

d nsitv of an animal. Population density is expressed by the number 
of individuals of all stages of the animal in unit space. The effect is 
also measured by the total metabolism, c. g., growth or development ,n the 

animal. 
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Relations with the Nonliving Environment * i 

TEMPERATURE. -Temperature is the most important of iktU* 
factors. The temperature valence of animals .s not very w.de^ Th 
upper vital temperature does not exceed 50 C. ome ro 
withstand an exposure to 5 4°C but most metazoa cannot bear more than 45 
C At 6o'C protoplasm coagulates and it is the highes a P 
most cases A few hardy insects like Rhizopertka domimea, that feeds 
on stored grains, can bear exposure to 62 5 C for fifteen minutes. Some 
mantids live on bare ground in Palestine deserts at a temperature of 62 C 
Hibernating animals survive a temperature of 5 ° C C but in most cases 

development ceases at - io ( C. ~ . 

Warm-blooded animals like birds and mammals are not directly attected 
by changes of temperature to a marked degree. Many like birds migrate ut 
others like the polar bear hibernate. The cold-blooded fishes, amphibians, 
reptiles and all invettebrates arc directly influenced by even slight changes 
of external temperature. These grow and feed in warm weather but 
hibernate during the winter. Besides having a direct influence on the meta- 
bolism and development of organisms, temperature affects other ecologies 
factors, such as moisture content and movement of air, pressure of gases, 
etc., and through 'hern indirectly the organisms. 

Changes of temperature have far-reaching influence on the metabolism 
of an':. .., 1 s. The total metabolism, mcasuied in terms of development an 
plotted on a graph as the reciprocal of the time is straight under ordinary 
temperatures. Both at very low and high temperatures, generally bclojv 
*o C and 35 C respectively, the curve bends. This bending o t c 
temperature-development curve indicates a slowing of the development at 
these extremes of temperature. The temperature zone at which the line is 
straight is 1 he effective temperature of development. The minimum 
effective temperature is the threshold of development at whlCD 
the development just begins and the upper vital limit is the maximum 
effective temperature , at which the development just ceases. Tempera 
turcs immediately above the upper vital limit and below the threshold va ue 
arc zones of inactivity, from which the animal can however recover. 

The vital temperature maximum is the highest temperature a 
which an animal can still live. It is different for different animals and in the 
same species depends upon the following : 1. Duration of the action of c 

temperature, 2. The state of general metabolism, 3. The state of nutri 
tion and the nature of feeding in the course of the exposure to the tempera- 
ture, 4. Humidity (dry heat desiccates the body more rapidly than moist 
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* hcal )> 5 - Thermal conductivity of the body and 6. Size of the animal. The 
vital temperature minimum is the lowest temperature at which an 
animal can still live. It depends on 1. the rate of cooling, 2. the state of 
metabolism, 3. previous experience of the animal to low temperatures and 
4. the duration of the low temperature. Further beyond these points are the 
fatal temperatures. 

Various attempts have been made to elucidate the relation between 
temperature and animal metabolism. The effect of temperature on the dura- 
tion of development is, for example, expressed by the catenary curve 
formula 

y— Y^ ar+arr ) 

drawn with the critical temperature as the zero point, in which y= duration 
of development, .r= the temperature in degrees counted from the critical 
point. )»= the minimum duration of development at the critical point and 
n- a constant that determines whether the development is accelerated or 
retarded Since the velocity (rate) of development is the reciprocal of 
the duration of development, the relation 

y-r- nr+a " J ) 

also holds good. 

According to a German scientist Janisch, the relation between tempera- 
ture and biological activities is of the nature of an exponential function. 
The temperature changes and the fluctuations of biological activities can be 
graphically expressed as a simple exponential curve. It has recently 
been shown that this exponential law holds good not only for tempera- 
ture but also for all ecological factors and for all biological activities. 

HUMIDITY AND rainfall. — Next to temperature the water relation of 
animals is the most important. Many animals like the Amphibians cannot 
exist in the absence of abundance of moisture and water. Others like the 
rice weevil (insect), Siiophlvs onjzae , can develop happily in grain with only 
10% of moisture. Rainfall is dependent on air humidity. The abundance 
of animals is determined not only by the total rainfall of the area but also by 
its distribution in the year. 

pressure.— Pressure has an important effect on animals. Animals that 
inhabit the sea level arc normally under higher pressure than those on the 
mountains. The influence of pressure is very great on marine animals. The 
pressure in the great sea bottoms often exceeds two and a half tons per 
square inch or over one thousand times that on the surface. 
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5 . VALIEV c.l IMA : Great temperature extremes with trost a 
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screened off by trees. Deforestation reduces rain and increases temperature 
♦ fluctuations. 

8. desert CLIMA : Dryness and rapid diurnal heating and cooling. 
Strong seasonal temperature changes. Local dust storms. 

9. RIVER valley clima i Weak temperature extremes. High humi- 
dity. Frequent clouds. Less thunderstorms. Air stagnation. 

Relations with the living environment 

The living environment of an animal is composed of 1. other 
individuals of the same species, 2. individuals of other species of animals 
and 3. of plants. The relations of the animal with the biotic environment 
arc thus both intraspecific and interspecific. These relations may be 
beneficial or harmful to the animal. 

Intraspecific relations 

In intraspccific relations we deal with the association of the individuals 
of the same species or homotypic association as it is called. The 
individuals of a species of animal often live together and require the same 
kind of environmental conditions. Over-crowding often results and leads to 
concurrence or keen struggle for the same food, living space, mates, etc. 
When concurrence becomes acute, many of the weaker individuals naturally 
succumb. Carnivorous animals often develop cannibalistic tcndccnics and 
start eliminating their younger or weaker brethren. Young frogs, for 
example, arc devoured by older frogs. The young of the praying mantids 
devour each other till ultimately only one or two out of the several hunJred 

survive. 

Intraspccific relations arc more frequently beneficial to the animal. 
Herding of cattle, hunting in packs by wolves, jackals, etc., association of the 
sexes, care of the parents for their offspring and social life are 
intraspccific relations that arc beneficial to the animal 

Associations of the sexes. -The association of the sexes is temporary 
or enduring and includes courtship and marriage. In the majority of 
animals the association of the male and female lasts only for the breeding 
season. In many animals however the two sexes live together year after 
year and bring forth several generations of offspring. Tigers arc, for 
example, monogamous. In some animals the association of the sexes ends in 
a peculiar permanent marriage. The husband is pinned on to the apron- 
strings of his better half, on whom he is a total parasite. Among many 
worms the male is usually carried about and nourished by the female. 


66o 


INTRODUCTION TO ZOOLOGY 


existence and to him marriage literally means self-efiacement and complete 



subjugation to 


Fin. 417. Pholocorynu* spuncep*. inemnwvi 
that is n permanent parasite attached to hit gmnt wife- 

There is usually some sort of courtship ai 
Courtship is often accompanied by display, song 
light, sound or display of gorgeous colours and of 
the male. Male frogs engage in their familiar co 
season and also indulge in free fight among tb 


Fig. 4 »S IW„.,1 « B r, in insects The female earwig 

her cluster of r-* in . .. m.lorground o f the m ale who carries them till 

clean. The female water oug lays eg «s on the bock of the male, 

tho young hatch. 

similarly fight and kill each other until only one survives as the lucky suitor 
for the hand of the Miss Scorpion. Courtship is developed to a very big 
degree among birds. 
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Parental care. -The immature stages of animals are exposed to 
dangers more than adults. Only a very small fraction of the total number 
of offspring actually survives and even this is due solely to the protective 
care of the parents. Parental care includes all the activities of an animal 
uhtch are in the interest of its offspring. I, aims at securing optimum 
conditions for the eggs, larvae or other immature forms, shielding them from 
unfavourable climatic factors and protecting them from the attack of 
natural enemies. Two more or less distinct stages of development of the 
parental care are recognized : Brutfikrsorge and Brutpflege. 
Brutfursorge (pronounced brootjnerzorgay) comprises care for the young up 
to the point of providing them with proper shelter and optimum conditions. 
In addition to these precautionary measures, if the parents directly guard, 
nurse, carry and tend the young, we speak of Brutpflege (pronounced 
brootpjlaygaj). 

Most animals resort to concealment of their eggs as a precaution 
against unfavourable environment. Turtles for example bury their eggs 
underground Cockroaches and bedbugs conceal them in crevices or 
other suitable holes. Others like spiders and praying mantids prepare 
elaborate egg packets of silk or other material and carefully hide them 
under stones, dirt or leaves. A number of animals construct more 
or less elaborate nurseries and store them with food for the future offspring, 
which they will never see. The common potter wasp, Eummes , for example 
(Fig. 449) builds beautiful cells of clay. Moist clay pellets are transferred 
to a suitable place and worked layer by layer into a pot-shaped structure. 
She then suspends an egg from the roof of the cell. She now sallies 
forth to hunt for green caterpillars, which she paralyzes by stinging. The 
stung caterpillars are thurst into the mud cell, which she now seals with 
clay. The mother wasp dies after her labours of building and provisioning 
for her children. When the larvae hatch from the eggs they find 
themselves provided with living but paralized meat ready for food. 

The habit of watching and standing guard over the eggs or brooding 
over them is extremely common among animals. The common ear- 
wig (Fig. 448) for example, lays her cluster of eggs in an underground 
chamber, which she excavates. She stands guard over her eggs, hides them 
under her body, now and then picks up an egg and licks it clean and 
generally behaves much like a brooding hen. A number of animals 
like the prawn, spider, etc. carry their eggs with them until the young arc 
hatched. Still others like the sea-horse (Fig. 313), water bugs (Fig. 448), 
midwife toads, etc., compel the males to carry the eggs. Honey bees, 
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social wasps, termites, birds, monkeys and apes live in families, 
guard, feed, nurse and educate their young. Some like the koii and cuckoo 
wasp smuggle their eggs into the nurseries of others, who act as foster 
parents. 

Interspecific Relations 

Interspecific association of animals is extremely varied. It is an 
association of many different kinds of animals and is distinguished as 
heterotypic association. 


I l< 450 Viorn l»nrmirlc» u'rowintf on iho h»ipII of l/y/i ht* a n»<<!lu>c. An 
xiiinplo* of opi/oi^ni. NcitlK-r lliu I'urn nor tlu- Vylil"* is injur. d or •K-nclit. d l*\ 
lii ■« .iKsoeiution. 

The epizoic association is the simplest of all the interspecific 
relations. One animal lives upon another without inconvenience, harm 
>r benefit to the latter. Many colonial hydroids that normally grow 
ittachcd to rocks often grow on shells of Mollusca. Crustacea like the 
icorn barnacle (Fig. 45°). > haI are normal| y attached to submerged timber 
)r rocks, often live upon molluscan shell. 

In commensalism the epizoic association of one species with another 
senefits one but neither harms nor benefits the other. The word comnten- 
alism literally means eating at the same table and was originally employed 
inder the belief that one animal used bits of food, dropped ell by the 
1, her. It includes associations other than those concerned with feeding, 
fhe small sucker fish Kemoru fastens itself to the body of shark and 
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secures transportation. Several hydroids grow on the back of crabs* 

and thus secure wider range of forage. Advent 

If commensalism involves the mutual benefit of the tw °J llfferent 
animals tha, associate, we have mutualism. Sea-anemones (F.g. 45 «)> 
arc often attached to molluscan shells that contain herm.t crabs The 
crab is protected from its natural enemies by the nematocysts of the 



shell 


I' In. 4.M. Pa.j:rn,. the lu-r.i. it vn.l. m . •' " of tho 

<*ii Ilw crtib ben. fit* by bcnpproUclrd by «hn “ 

ntu-moiT. mill b, ir.tf «» flow cuter, ilropn <*« bn* of food to the , .nomono. 


Adamsia 


sea anemone. Being a slovenly feeder, the crab drops off bits of 
food that is greedily utilized by the sea-anemone. Certain birds enter the 
gaping mouths of crocodile, pick off leeches and morsels of food from bet- 
ween the teeth of the reptile. The latter is thus relieved of the blood- 


sucking parasites. 

In symbiosis two species live together in very close association 
to mutual advantage and separate life is impossible. Certain Protozoa are 
symbionts in the gut of termites. The protozoa digest the ingested 
wood for the benefit of themselves and for the insect. Termites cannot use 
their food in the absence of the Protozoa, which also can exist only 


in termites. 

Slavery is a specialized case of symbiosis. It is met with between 
ants and aphids or cowbugs (Fig. 452). The ants provide shelter and 
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^iJso protect the aphids and cow bugs. The latter produce secretions 
that constitute the food of ants. The aphids, cowbugs and ants can however 
also live independently. The association is not obligatory as in symbiosis. 



Fi* 


452 SI ivory anUiiii«l ui-mbracid Ihijm*. 

Predatism is the relation between a hunter and the hunted. 
A predator hunts its prey for lood. The beneficiary is .he predator 
and the prey is destroyed. Most carnivorous animals that feed on five prey 
arc predators. The frog is predacious on worms, flies and other '.nailer 
animals The snake is a predator on frogs and rats. The t.gcr and 
lion are also predators. I he praying mantid that kills other insects, 
the solitary wasp that hunts for caterpillars for provisioning its nursery 
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and birds like .he owl that devour rats are other examples. A predator is, 

larger, stronger and more cunniDg than its prey. - 

' Parasitism is an interspecific assoctat.on in wh.ch the benefit 

u a,l onSdrf „d i, .b= of ,h<= o,h«, A P™« 

or on the body of its host more or less permanently. A P aras,t ' ' 

always smaller than its host. It secures shelter, protection and food 

from its host but gives nothing to i, in return. It « 

independent existence but the host can live apart. Para5 ' ,Sm d " 

from predation in that a predator kills the prey outright but a paras,, e 

usually avoids killing .he prey and only feeds on the Z 

unobtrusively. A predator - spends the capital ” but a paras.te takes 
only the “ interest ” on lhe capital 1 A parasite attack y 
host species or it may frequently live in two or more host, _ Ia 
buer ease it has one definitive and several intermediate , 

Is for example, in the case of the malarial parasite, liverfluke and tapeworm. 
The peculiar association of the sexes in the fish PHotocorynus 
above and the dependence of the focus on the mother in mammals 
noTconslitutc paliism. In parasitism two animals of 
unrelated g.oups arc concerned. I, is essentially an interspcc.fic, 

- a f- •* — — ■ p rr n J 

pa.asi.es are incapable of free life, except rarely as very early larv ^ 
Obligatory parasites have no life apart from .he host but fa 
patasius may live so. Ectoparasites such as leeches bedbugs, 
lice., etc., live on the surface of the host. Endoparasites like 1 verfl k , 
tapeworm, malarial parasite, ascans, hookworm, etc., hv 
body of their hosts. A parasite itself is very often attacked y 
hyperparasite Xoscma, a protozoan, is for example, a hyperparas.te 
that attack ■ the liverduke. The cercariac ofCotylurus P aras ‘ luc 

of ,he liverfluke. I, is a case of robber being robbed of Ins 
hi gotten gains ! Truly the poet little realized the full truth when 
sang : 

Croat Ilea* have litilo fleas upon their backs to bite 'em. 

And litilo flea** Imvc lessor ll«*a« and so ml infinitum. 

And the ureal fleas then solves, in turn. »mvo creator fleas to go on 
While these again hive greater still, and greater still, ami so on. 

In brood parasitism lhe animal shifts the burden of incubating its 

eggs and nourishing the young on the foster parent, as for example, 

the koil and the cuckoo wasp. 
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* Some parasites have little or no effect on their hosts. Others 
often injure their hosts temporarily or permanently by destroying their 
tissues, * producing toxins and transmitting pathogenic ( = disease 
producing ) germs. 

The parasitic mode of life frequently leads to more or less pronounced 
organic degeneration, such as reduction of the organs of locomotion, special 
senses, alimentary canal, etc., and excessive development of the organs of 
reproduction. 

Parasitism is n et with in all groups of animals : Protozoa, Coelcnterata, 
Platyhelminthcs, Nemathelminthes, Annelida, Crust.-cca, Arachnida and 
Insecta. It is often not easy to distinguish between predatism and 
parasitism Predatism and parasitism are the normal features of the 
Animal Kingdom ; every animal is essentially a parasite- a robber 

Mimicry is an interspecific association, in which one animal is 
protected from its natural enemies by its bitter taste, foul smell or in 
some other way. Another animal not so protected, not only lives together 
but also resembles the protected species, for which it is mistaken by 

the enemy (vide under Adaptations). 

Myrmecophily is the association of various kinds of insects, spiders, 
eIC with ants. Several of beetles, butterflies, wasps, crickets and flics 
habitually inhabit the nests of ants. Some of them are treated as guests by 
,he ants, others are trespassers and interlopers into the privacy of 
the ants. A few arc playful pets that brighten the monotony of an 

ani’s existence 


Relations to Man 

The interspecific relation between man and other animals is a sad 

tale; it is a record, of which man cannot be proud. 

Man has brought ruin and death to countless animals. He has 
driven many from their age-old homes, pilfered their food and other hard- 
earned possessions or has deprived them of the.r leg., .mate due. He has 
also enslaved (domesticated) many and has exterminated hundreds 
only animal .ha, ever befriended him is the dog, whose : fnendshtf , he h 
systematically abused. No doubt he may be said ,0 have helped a U« 
animals here and there bu, with selfish motives. Perhaps m tins unequa 
fi E h, against superior cerebral powers the insects are the only animals that 
have successfully managed ,0 maintain their own and even gam an uppe 
hand From the point of view of other animals, man is thus a Mai tnewy. 
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From the standpoint of man however, animals can be roughly grouped 
into the following four categories : I. injurious, 2. beneficial, 3. useful and 
4. indifferent. 

Animals, which by their structure or habits of life, interfere with 
some desired object of man are described as injurious or harmful. Some 
are directly injurious, because they hinder production of human food or 
because they cause disease and death of man. Such are for example 
the pathogenic Protozoa, Platyhelminthes and Nemathelminthes ; crop pests 
like locusts, grasshoppers and caterpillars; disease carrying insects like 
flics, fleas, lice, bugs, mosquitoes, etc. The indirectly injurious species 
work against those animals that are either useful or are beneficial to man. 
They are the concurrents, predators and parasites of our domesticated 
animals. They also include the carnivorous wild beasts, mites, ticks, worms, 
etc., that attack cattle, sheep, goat, horse and other useful animals. The 
Protozoan Babesia that causes the Texes fever in cattle and Aosema that 
gives rise to the pcbrinc disease of the silkworm are other examples. Some 
animals like the ants favour the development of insects such as aphids and 
mealy bugs injurious to agriculture and horticulture and are therefore 
indirectly injurious These are friends of our enemies. 

Beneficial animals advance the interest of man, either directly 
or indirectly. Pollinators of crops and fruit trees, for example, the honey 
bees, butterflies, moths, certain humming birds, etc., are directly beneficial 
to us. Others like the earthworms that improve the condition of the soil 
arc also directly beneficial. Indirectly beneficial are those arimals which 
arc harmful to the injurious forms or favour the useful and beneficial ones. 
Tiny are Hamits • f our enemies. The common owl for example is of great 
indirect benefit to man because it destroys vermin. Numerous snakes 
that do., -Toy rats also come under this category. Certain ants like Cam- 
/.> 'us cr the carpenter ant, that often colonize in dead wood and thus 
pi ut the attack of termites, are highly but indirectly beneficial. Insect 
preu. 01s and parasites of insect pests and insectivorous birds like the myna 
are other familiar examples. Frogs should also be considered as indirectly 
beneficial, because they devour large numbers of harmful insects. 

Useful animals are directly useful to man; they produce useful 
products like meat, milk, wool, hides, ivory, fats, oils, honey, silk, lac, dyes, 
ornaments and medicines. The list of useful animals is very long and 
includes examples from practically every phylum : Porifera (sponges), 
Coelcnterata (corals as medicine and ornaments), Mollusca (food, medicine, 
money, ornaments like buttons, rings, pearls), Arthropoda (food : prawns. 
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^grubs, honey ; clothing : silk ; medicine: cantharidin), Echinodermata (food), 
Chordata (food : fish, meat, eggs, milk, oil, fat ; clothing : wool, fur, hides ; 
beasts of burden and draught animals : horse, donkey, oxen, camel, etc ). 

Indifferent animals include those species that neither harm not 
benefit man. The vast majority of the wild and marine animals belong 
to this category. 

The grouping of animals in these four categories is arbitrary. It 
has its full limitations. The grouping is not also absolute : what is useful 
at one place may be useless or even harmful elsewhere and at other times. 
The cockroach that is useful to the Chinese in making curries and teas is, 
for example, a positive nuisance in this country. The grouping is thus a 
useful fiction , a simplified hypothesis, inaccurate but necessary in theory 
and practice. 

Relations to Plant9 

Plant as enemy of animal.— Numerous bacteria and many true 
fungi are parasitic on various animals including man. They cause various 
diseases like cholera, bubonic plague, tuberculosis, etc. Emptua musci is 
a fungus that is a common parasite of flics. Insectivorous plants like 
venus’ fly trap, Drosera , Utricularia , Sepnnthes t etc., have developed 
mechanisms for enticing, capturing and digesting small animals. 

Animal as enemy of plant.— Most animals are enemies of plants. 
Some of the minute vegetable organisms like bacteria and algae arc engulfed 
by amoebae or are devoured by paramecia, small Crustacea, insect larvae, 
fishes, tadpoles, whales, and other animals. The higher plants arc destroyed 
by all classes of phytophagous animals. Insects injure plants by eating 
leaves, tunnelling the stems, flowers, fruits and seeds or by sucking the sap 
Birds, cattle, horse, elephants and other herbivorous beasts depend wholly 
on plants for their food All animals are either directly or indirectly 
dependent on plants for food and in many cases for shelter and covering 
( clothing ). 

Mutualism Between plants and animals -The interrelation between 
flowering plants, bees, moths, butterflies and other flower visitors is a 
special case of phytophagy. The insects seek the plants for food and at the 
same time benefit the plants by cross-pollinating their flowers. The plants 
and flower visiting insects are frequently mutually completely dependent. 
Some humming birds that visit flowers for nectar similarly help in cross- 
pollination. Birds that swallow fruits help in the dispersal of seeds. The 
seeds of the common tree are dispersed by crows that swallow the 
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fruits and eject the seeds with their droppings. Ficus is also similarly 
dispersed by the common myna. Numerous other animals also aid in th£ 
dispersal of barbed, hooked or thorny fruits and seeds. 

Symbiosis between plants and animals. — Some of the lower plants 
like algae and fungi are in symbiotic relation with various animals. Certain 
algae that grow on the long fur of the South American two toed sloth, 
Choloejms did act y\ us (Fig. 382), give the animal a green colour and make 
it very inconspicuous to its enemies up in the foliage. Algae that grow 
within Chlorotydra (vide page 224) are also examples of symbiosis. The 
algae provide the oxygen needed by the hydra and help the latter by 
removing the carbon dioxide. In its turn the hydra provides shelter and 
nutrient solutions to the algae. Ants and termites cultivate certain fungi on 
specially prepared nutrient media. The fungus serves as food for these 
animals. Other fungi like Saccharomycetes and bacteria live as symbionts 
within animals, benefit them by digesting their food for them and also 
derive benefit for themselves by way of shelter and nourishment. Some 
of the symbiotic plants manufacture the vitamins needed by animals. 

Animals in health and disease. — An animal that is in perfect 
adjustment to its environment can theoretically carry on the vital activities 
with maximum degree of case and efficiency. It is then in a state of ideal 
health. Such perfect adjustment between the animal and its environment 
is rarely if ever met with. Ordinarily health is the condition of the animal 
in which it can carry on its bodily functions in a normal way, though the 
maximum efficiency may not be attained. Disease is any interference or 
disturbance of this normal functional activity. 

The conditions necessary for the maintenance of health include 
1. proper kinds and amounts of food , 2. maintenance of normal metabolism, 
3. prompt and complete elimination of metabolic wastes and 4. proper 
physical environment. 

Diseases arc caused by 1. inadequate living conditions involving 
improper rest, metabolism, elimination, environment, etc., 2. deficiency in 
foods such as lack of vitamins, certain minerals, etc., 3. abnormal endocrine 
activity like underproduction of pituitary or thyreoid harmoncs, 4. detrimental 
habits such as indulgence in alcohol, 5. inheritance as in the case of 
fccblc-mindcdncss, deafness, etc. and 6. infective organisms as in the case of 
malaria, dysentry, yellow fever, etc. 

All animals have in them the power of automatic re-adjustment and 
self regulation that soon restores health, even though no assistance is given 
from outside. Many Proto/.oa for example resort to cncystmcnt if changed 
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conditions disturb their health. An antitoxin is often produced within 
the body to neutralize and counteract the toxin that causes a disease. 
Phagocytosis or engulfing of pathogenic agents by the white blood 
corpuscles is another method by which the body of an animal fights diseases. 
Most animals develop immunity to a disease by building up a power of 
resistance to subsequent attacks. A physician does not really cure a disease 
but he may merely help the body to cure the disease. 

Animal behaviour.— The sum total of an animal’s movements 
constitutes its behaviour. The basis of animal behaviour is irritability or the 
capicity to respond to stimuli. The innate patterns of behaviour 
comprise I. tropisms, 2. reflexes and 3. instincts. Tropism is the simplest 
behaviour and involves response by the same cell ihat receives the stimulus. 
It is the most invariable mechanism of responses to the environmental influen- 
ces and is not dependent on the nervous system. It includes reflex movements 
of an animal away from or towards a stimulus. Reflexes arc automatic, 
involuntary movements, in which at least two neurons arc necessary. They 
constitute the simplest of the invariable but co-ordinated responses. A 
series of co-ordinated reflexes constitute an instinctive action. It is really 
an inherited habit— a complex and invariable form of behaviour. With many 
animals the choice of food is an instinctive act. Migration of birds and 
the care for the young in animals are also largely instinctive. A habit is a 
form of behaviour acquired as a result of repeated action. It involves an 
individual modification of behaviour on the basis of previous experience. 
Memory is due to persistancc of some modification in a nerve cell brought 
about by a stimulus. The effect of a stimulus persists longer than the 
stimulus itself. Frequent repetition of the stimulus increases this persistancc. 
Ability to learn by experience constitutes intelligence. Display of 
intelligence includes modification of the patterns of bahaviour in adaptation 
to special needs. All animals, from amoeba to man, possess it in varying 
degree, depending upon the speed of learning. Reasoning surpasses 
intelligence and involves the ability to form abstract ideas that guide the 
actions of the animal. No sharp line of demarkation can be drawn between 
the various types of animal response. The differences are only of degree and 
not of quality. Amoeba, hydra and earthworm learn after several hundred 
experiences, the dog and man may learn after a few. The process of learning 

is the same in all of them. 

2 ANIMALS IN THEIR HAUNTS 

Animals arc found on the earth’s surface everywhere to which 
access is possible. The craters of active volcanoes, recent lava. Dead sea 
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and the bottom of the Black sea arc devoid of animals. Life is sparse on 
sandy wastes but not absent. 

The particular locality in which an animal lives is its habitat . 
All animals that inhabit any given place comprise a community. A pond 
for example is a community of aquatic animals. Within this community 
there arc lesser environments like the surface, the shore and the deep water, 
each with its own peculiar animals. 

Animal haunts comprise I. salt waters, 2 fresh-water and 3. land. 

Marine animals.— Salt waters include the oceans, seas, salt lakes, etc., 
that constitute about 71% of the surface of the earth. They provide 
extensive and stable habitats. Their physical features include uniformity of 
temperature, salinity, increase of pressure with depth and total darkness 
beyond a depth of 3000 feet. The environments provided by the seas comprise 

1. the open sea, 2. the deep sea and 3. sea shore. Marine animals include the 
following : 

1. Plankton or animals that float and arc passively carried by 
currents. They arc mostly microscopic forms, such as Protozoa, 
Crustacea, etc. 

2. Nekton comprise the animals that actively swim about, such as 
medusae, jelly-fishes, fishes, sea snakes, turtles, birds, whales, etc. 

The plankton and nekton constitute the pelagic or open surface 
sea fauna. Thay have plenty of room, sunshine and inexhaustible food. 
Many pelagic animals arc transparent and phosphorescent. 

3. Benthos arc bottom dwelling animals that are subdivided as : 

(") Littoral or shore forms. The sea shore offers very 

stimulating environments. Ebb and flow of the tides, 
fresh-water floods, desiccation, alternation of night and day, 
waves, etc., characterize the sea shore. Animals are most 
abundant on the sea shore. Littoral fauna include Infusoria, 
Foraminifcra, sea-anemones, crabs, sea-urchins, acorn and 
goose barnacles (Fig. 221), sea spiders (Fig. 213), Gastropoda, 
sea-squirts and numerous birds. 

(b) Neritic compose the animals that live below the tide mark, up 
to about a depth of 100 fathoms on the continental shelf. 
Protozoa to fishes compose the neritic fauna. 

(r> Abyssal fauna include all the deep sea animals. The deep 
sea is totally dark. It is permanently quiet. Its tempearture is 
at 4 C and never varies. The pressure is enormous : at a 
depth of 2500 fathoms it exceeds two and a half tons per 
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square inch. The deep sea is devoid of all plant life including 
bacteria. I he Abyssal fauna depend upon the organic debris 
that falls from above or feed upon one another. Most abyssal 
animals are small, blind or grotesque-looking forms. Some 
are phosphorescent. Abyssal fauna include Protozoa, sponges, 
corals, Crustacea, Mollusca and peculiar fishes with terrible 
jaws. 

Fresh-water animals. -The fresh- water differs from the sea in i. 
its lower salinity, 2. being scattered, 3. its lesser volume and depth and 
4. its greater variability of temperature, currents, turbidity, plant growth, etc. 
Fresh-water occupies only 1 0 ,', of the earth’s surface. Often fresh-water 
dries up completely during summer. 

Fresh-water animals include Protozoa like Amoeba, Euglcna ; 
Coelenterata like hydra ; worms, snails, Crustacea, spiders, mites, insects, 
fishes, frogs, snakes, birds and mammals. 

Fresh-waters comprise 1. rurnirg waters like streams and rivers, 
and 2 stagnant waters like ponds, tanks, lakes, swamps and marshes. 

Terrestrial animals. — The land surface is about one-fourth that 
of the ocern. The ocean is everywhere inhabited but on land life exists 
up to 25 metres underground. Despite these limintions nearly four- 
fifths of the animals arc terrestrial. Oxygen, light and other ecological 
factors are more varied on land than in water. Vital activities of terrestrial 
animals are therefore more intense than those of aquatic animals. The 
muscles of a housefly, for cximplc, contract 330 times per second, a 
thing unknown in aquatic life. Terrestrial habitats include : 

1. Tundra or treeless Arctic regions, where the ground thaws 
for very brief periods in summer. The vegetation comprises mosses, 
lichens, grasses and herbs. The fauna is charaterizcd by wolf, fox, 
lemmings, musk ox, reindeer, etc. 

2. Evergreen forests are mountainous regions south of the tundi js 
and are composed of pine, firs and other coniferous trees. Deer, elk, 
goat, red fox, bears, birds, etc. inhabit them. 

3. Deciduous forests arc green in summer but bare and bleak 
in winter Amphibians, snakes, squirrels and birds live here. 

4. Grass/an » are large areas of grassy plains inhabited by 
bison, cattle, wolf, rabbits and birds. 

5. Deserts are arid sandy or rocky areas, with scant or thorny 
vegetation and extremely hot in summer. Lizards, snakes, camels, lions, 
ostriches arc denizens of deserts. 
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6. Tropical rain forests have abundant rainfall and warm * 
climate. The vegetation is abundant and varied. The fauna includes 
insects, monkeys, bats, birds, reptiles, etc. 

3 ADAPTATIONS 

What is adaptation ? Every animal is more or less fitted by structure, 
physiology and habits to particular modes of lives or for particular 
habitats. There is a certain amount of harmony between the animal 
and its environment Aquatic animals, for example, have stream-line 
bodies that have no projecting parts. Terrestrial animals on the other 
hand are differently constructed. In water the animal is partly supported 
by the buoyancy of water and has no need for limbs, but on land the 
animal must support the weight of its body on its limbs. Aerial animals 
have wings, lightly constructed bodies and keen eye sight that enable 
them to fly efficiently. The fish is thus fitted by structure, physiology 
and habit for aquatic life ; the dog for terrestrial and the bird for aerial life. 
The honey bee that sucks nectar and gathers pollen from the flowers 
has the mouthparts modified for reaching and puncturing the nectaries 
and brushes on the legs for collecting pollen. When the structure, 
physiology and habits of an animal arc in harmony with its habitat and 
its special mode of life, it is said to be adapted for that habitat or 
mode of life. Adaptation is the capacity of the animal to respond 
to or meet the environment in such a way that it ensures the preservation of 
the individual and of the race It enables the animal to successfully 
exist in a particular type of habitat. 

Jean Haptjsti- de Lamarck (1744-^29), a French naturalist (Fig. 453 )> 
was the first to emphasize the importance of adaptations. Animals modify 
their response to changing environment and thus become adapted better and 
better. In oilier words the environment causes the adaptativc modifica- 
tions. C'.haui t:s Darwin (1S09-1SS2), an English Naturalist believed 
that animals always vary. If some of these variations are in harmony 
with the environment, the animal survived, otherwise it passed out. In 
other words, Darwin believed that animals are preadapted and seek 
suitable environment. He did not realize the influence of the environment 
in shaping the animal. Modern view is more and more swinging in 
favour of Lamarck. 

Adaptative conveigence — Animals of unrelated groups that live in 
the same habitat and are subjected to the same environmental influences 
become similarly adapted. They arc said to converge. Adaptative 
convergence thus occurs amongst unrtlaUd animals of the same habitat. 
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4 The aquatic vertebrates include such different forms as shark, fish, turtle, 
extinct reptiles like Ichthyosaurus , birds like penguin and mammals like 
seal, dolphin and whale. Aquatic mode of life requires ability to swim. 



Km. I .VI. Joan Il.ipti'U* Luma role (IJ4l-lb2U). wui* the lir.-t to propose 11 theory 
.it ••KJiinio evolution. ( Orginat /Jiotogra pit oj a portrait in the Zoology Mun'iun, 
Si. John'* ( ’oil eye. Agra ) 



«... . 4.4 A'laptalivo convergence in the limbs and general outline id the h..dy 
„ v.., i t .iirui« s that It'" »• water. Tin* shark is pri iiarly a«|uatio. I he |* n-um. .. bird 

second irily into pa.hllos The Ichthyosaur ,s an 
• inii , ( „,l t., iKiuutio 1 1 to anti lunl ns limbs modiliotl into path los >< *1 
‘i l l „ in 1 " u. m.in .ls that have a lisl.-like appearance, with pa.Mle.like limbs. 
'Jot (/the .‘onoral alrt«»n..|inin»r of the body. Different classes of Vertebral, s livnitj : 
i-uno mode of life have in-*, aired tl»e sumo adaptations. Tlieir adaptations thus 

:on verge. 


All these animals thus have stream-lined bodies (Fig. 454) that arc torpedo- 
shaped and the appendages modified into paddles as adaptations lor 
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efficient swimming. The adaptative convergence is superimposed on the* 

fundamental differences of the classes. 

Adaptalive radiation.- Adaptative radiation is seen in the animals of 
the same class that occur in different habitats and have different modes 
of life like running, climbing, flying, or swimming. 



t- i,i. \. Ii.nl tit ivo radiation in t»M* limb* of inamimiln. TI10 limbs adapted for 

mr-oii.l, .Kin tl i *, r'.»«.triu! ( voL'nt. mllnloriul. arboreal and scnnaoifiil l»J» "* v ® 
r.t.li ,i..d fr.an il.e uvim-i dized ambulatory limbs of the primitive mammal. Wlion two 
same rl«>* animals coioo to live in different environments aduptativo radiation 


n milts. 


Some mammals inhabit forests where they cannot run. Others 
like the horse inhabit open plains where speed is an efficient defence. 
Monkeys live on trees, and must have powerful grip of the branches. 
Their limbs arc all modified into “hands”. The bat that flies has its 
fore limbs modified into wings. The whale that lives in the sea has its 
limbs reduced and changed into paddles. Thus the limbs of mammals, 
though built on the same fundamental plan are modified (Fig. 455) for . 
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4 curs °riaJ> fossorial, saltatorial, volcnt, arboreal, scansorial and aquatic 
modes of life. 

SOME IMPORTANT ADAPTATIONS 

Aquatic adaptations. — Among the numerous adaptations for an 
aquatic life, the more important ones include those that prevent the 
pelagic forms from sinking, the torrential forms being carried away and 
the fresh-water forms becoming diluted. 

Pelagic animals are in constant danger of sinking to the bottom 
of the sea, where they would be crushed by the enormous pressure 
In order to prevent this calamity, seveial surface animals keep on 
moving incessantly, allowing no time to sink Others have developed 
various antisinking devices. The larvae of many Crustacea have long, 
fine feathery hairs that prevent sinking due to surface tension of water 
or have projecting planes. The bell-shape of the jelly-fishes is an 
antisinking adaptation. The sunfish, Mola, has an accummulation of 
oil for the same purpose. 

Animals that inhabit mountain streams and other rapids arc in 
danger of being carried away to the sea. Some of them overcome this 
by actively swimming against the current. Others develop suckers and 
adhesive discs, by which they attach themselves to plants or rocks. 

Fresh-water is osmotically less dense than the body fluids and 
endosmosis thus leads to their dilution. Fresh-water animals are in a 
way comparable to a leaking ship, that mu<t be constantly baled out 
Many of them have impel vious integument that impedes the entry of 
water or other devices for eliminating the excess of water. The contractile 
vacuoles of Proto/oa arc examples of such a device. 

Amphibious adaptations — Most of the amphibious adaptations 
have been described in the case of the fiog (chapter III) and 
Amphibia (chapter XIX). Several primarily terrestrial animals like the 
crocodile and the hippopotamus, have taken to aquatic or semi-aquatic 
modes of life. In these animals the nostrils and eyes arc placed on 
top of the bead that enables them to remain submerged just under 
the surface of water, with only the nostrils and eyes above. 

Terrestrial adaptations. —The important terrestrial adaptations 
include 1. the tetrapod limbs, 2. lungs and 3. embryonal envelopes. 

On land the animal is not supported by the buoyancy of water but 
must bear its weight on limbs, which also serve for locomotion. Respiration 
takes place by exchange of gases in solution on respiratory surfaces. In land 
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animals the respiratory surface is liable to be dried up and thus i 
prevent gaseous exchange. The respiratory organ must therefore be 
sunk within the body to retain its moisture. Lungs are eminently 
adapted for this function. In aquatic animals the ova and sperms are 
shed into the water, where fertilization and development take place. This is 
impossible in terrestrial animals. Copulatory organs are adaptations 
that permit fertilization within the body of the female. The hard 
shell and other embryonal envelopes like the amnion, and intra-utenne 

gestation are adaptations for life on land. 

Parasitic adaptations — A number of adaptations for parasitic mode of 
life have been discussed under the malarial parasites, the liverfluke and tape- 
worm. These include reduction or elimination of organs of locomotion, 
organs of special sense and alimentary canal, and extra-ordinary development 
of the reproductive organs and mode of reproduction. 


Protective adaptations 

Whnt are protective adaptation) ? Some of the adaptations protect the 
animal from its natural enemies. The adaptations serve as its means 
of defence. An animal may defend itself cither by i. counter attack or 2. by 
hiding. Most animals follow the principle that discretion is better than fool- 
hardiness and avoid the enemy by concealment. A natural enemy 
is a predator or a parasite that is a member of the same habitat. Though an 
enemy of practically every animal, man is not a natural enemy. Protective 
adaptations therefore do not confer immunity from him. Moreover these 
adaptations arc not also cent per cent effective against any particular enemy. 
They merely minimize the risk of death or injury from enemy action. 

Natural enemies hunt their prey by i. sight and 2. smell. The 
adaptations that are meant to protect the animal are thus either visual 
adaptations or non-visual adaptations. Visual adaptations comprise the 
cxtcrr.il attitude, the appearance, colour, shape or behaviour which save the 
animal from a particular enemy. They include : 1. Protective colouration, 2. 
Mimesis or Protective resemblance, 3. Terrifying appearances, 4. Warning 
colours and 5. Mimicry. The non-visual adaptations include: 1. Stings, 2. 
irritating hairy covering, 3. irritant secretions, 4. protective shells, envelopes, 
etc , 5. autotomy, 6. poisons, 7. unpleasant taste or 8. foul smell. 


VISUAL ADAPTATIONS 

Protective colouration.- Protective colouration is harmony of colour, 
tone and shading of the body with the surroundings. Its effect is conceal- 
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ment; the animal is indistinguishable from the background. The enemy 
fails to see its prey, which thus escapes from death. 

Concealment is achieved by i. doing away with the outline of the body, 
2. doing away the shading that gives a solid appearance and 3. effacement or 
disguise of the shadow cast on the background. The outline of the body is 
disguised by spots, stripes and irregular patches of some colour that contrasts 
with that of the background. The effect of such disruptive colouration 
is that when the animal is in its natural abode, it ‘melts away* among stones, 
pebbles or shadows of leaves. Counter. shading effaces the body 
perspective. The upper surface of the body is darker but the underside 
lighter in tone. The light from the sky illuminates the upper side more and 
the underside less. The result is an even tone all over and solid appearance 
is lost. The cast shadow is concealed by the animal pressing close against 
the background, by lying flat on the ground Counter-shading, disruptive 
colouration and colour harmony of the animal with its background give rise 
to uniform tone and make it invisible to the enemy that is mostly 
colour blind. The natural enemies that hunt by sight always associate 
motion with living objects. The animal that harmonizes with the background 
is not seen by the enemies so long as it is perfectly motionless. Some 
animals actively freeze into stillness and sham death when danger threatens. 
Stillness therefore aids protective colouration. 

Polar animals, like the polar bear, polar fox, etc. arc white. Against 
the background of white snow they are invisible even at close quarters. 
The green colour of grasshoppers (Fig. 457', caterpillars, snakes and tree 
frogs that live amidst foliage, has a similar concealing effect. Many desert 
animals like the deer not only have the tawny brown colour that harmo- 
nizes with sand but also combine counter-shading and disruptive camouflage 
(pronounced Lt-thoo-jlaz/i ) markings. The colours and tones of eggs of 
numerous birds that breed in open nests or on open ground, for example, 
plovers (I amllus), gulls and larks, match those of the ground often strewn 
with pebbles and stones. Some animals like the flatfish (Fig. 459), tree frog 
(Fig. 320) and chameleons (Fig. 322) actually change their colour to match 
with the surroundings. A number of insects (Fig. 458) that inhabit bark 
of ticcs not only haimonizc with the colour of the bark but even have 
the same blotches and speckled appearance. 

Mimesis— Mimesis is protective resemblance. The animal 
resembles some other animal, plant or other natural objects of the habitat 
not only in colour and marking but also in shape, size, appearance, surface 
structure and other details. The natural enemy therefore mistakes it for 
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jomc useless object ; it fails to detect it. The effect is concealment of the 
Animal from its enemy. Several grasshoppers (Fig. 456.', Phyllium bioculutum 
the leaf-insect (Fig. 230) and Carnusius the stick-insect (Fig. 230) have, for 
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Fio. 459 rienron ecu* is cnpnhle of changing tho colour of the uppor surface to 
n:tt' li with i ho background nnd thui* becoming inconspicuous to its enemies. 


I'l’. 400. Protective resemblance of Kallima . tho dead-leaf butterfly which rests 
with the wings folded, exposing tho under surface of tho wings that is coloured and 
marked remarkably like u dead loaf. On tho loft is tho leaf and on tho right tho butterfly. 
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coloured above dark brown, yellow and iridescent blue, that make it one of 
the most conspicuous objects when flying. When the butterfly however 
settles down on a twig, the wings are folded with their upper surfaces together. 
This exposes only the under side, which is dull brown like a dead leaf 
and also has a line to correspond to the midrib and blotches to match those of 
the leaf. In shape the folded wings resemble a leaf. K ultimo that is 
thus resting is perfectly indistinguishable from among the dead leaves. 



HE1N0CHUS 
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Terrifying appearance- -Terrifying appearance is cent per cent 
“bluff” The defenceless animal makes no attempt to hide from the enemy 
but actually advertises its presence. The harmless and fully edible animal 
takes up such an attitude or assumes such an unusual appearance that the 
enemy is partly confused, partly surprised and partly frightened and desists 
from attacking. Several grcen-coloured grasshoppers, when surprised by an 
enemy, spread their wings and suddenly expose red spots from the under- 
wine and also produce a whirring noise. The enemy that was about to snap 
the grasshopper becomes confused by this sudden apparition and hesitates. 
The grasshopper has by this time jumped off before the enemy lias recovered 


his balance. 
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Warning colours - Warning colours comprise bright and contrasty red, 
"r black .hat advertise the unpleasant taste, foul smell, the tox.c or 
.f .SC .. .SC enemy. They cm. 

attacker of the unpleasant experience he will have rf he persues the attack. 
The animal is thus protected not by concealment but by ^ventsement. 
This adaptation is in the nature of a sign board that says "et pa.nt 
roach me not". Many butterfl.es, for example, Dar.au s cl.rys.ppus (See 
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Fronti«pii n , abo pi. hi.; ihc caterpillars of which feed on poisonous plants, 
possess an acrid or unpleasant taste to birds and lizards. These butterflies 
arc very showily coloured bright yellow, red, orange or black. They make no 
attempt to hide them, elves but fly boldly, fully exposing their colours. The 
enemy that has learnt by experience to associate these bright colours with the 
unacceptable nature of the butterflies as food, avoids them at sight. Wasps 
and hornets that can inflict painful and paralyzing stings also have such 
warning colours. 

Mimicry.— Mimicry is bluff; it is false warning colouration. An 
animal that is perfectly edible and defenceless has the same general appear- 
ance and warning colouration as another of the same habitat that is unaccept- 
able to the enemy. Mimicry is thus “sailing under false colours” ! It is 
the proverbial wolf stalking in sheep’s skin ! The result is the enemy 
mistakes the one it relishes for the other it has learnt to avoid. 
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4 The English Naturalist Bates, who explored the Brazilian forests in 

S°uih America for eleven years, discovered mimicry. He found that 
Helicon id butterflies not accepted by birds and Pierid butterflies relished by 
them flew together and had the same general warning colour scheme 
(hig. 4 6 3>- This imitation by a harmless species of a protected one is known 
as Batesian mimicry. 



Flu. 403. Bate than n iinh-ry lnlxwrn .A. mi edible l»n« ti*i fly Imiieh) .11 I 
B. an iucilihlo lioliconid butt-rlly (model) Inm-i-t ivoroux birds inislidw A |\ i I 
which latter they do not like ; A thus thur.h with H the immunity from att.uk In ouiti* 
of its resemblance. 

Later, Fritz Muller, a German Naturalist, found that a numhci of 
species of butterflies that are not edible by birds have the same warning 
colouration. The chances arc that an inexperienced bird catches one or two 
specimens of one species, finds them unsuitable and in future avoid , all '.hut 
look alike. The effect of this adaptation is that the mortalit) of any one 
species is proportionately less when the bird is learning io avoid them This 
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kind of adaptation is called Mullerian mimicry in contradistinction to * 
Batesian mimicry. 

In addition to butterflies, mimicry is met «ith in a number of other 
animals also. Some spiders that are associated with ants, for example, not 
only have the same naming colours but also the general appearance 
(Figs. 467). They are mistaken for the ants by their enemies. 



Vui nil. . i;.n inimiriy between A wnep thnt has sting nnd B. a hunnUs* 

il\ ; .ui.l l\ a bumMc I . 1t1.1t con *tin>r ami D. a bombus fly thnt cannot. 

NON-VISUAL ADAPTATIONS 

Among the non- visual protective adaptations may be mentioned : 
1. the spines on the body of the hedgehog, 2. the offensive odour of 
skunk, 2. the hard shells of certain Mollusca and 4. the cases of leaves, 
sticks, etc., in which several insects (Fig 466) live. Stings of insects, 
hydra, $tirp-ra\ fish and the electric organ of the torpedo fish 
that give an electric shock, are other examples. The horns of cattle and the 
hoofs of horse and donkey are also similar adaptations. 

4 . DISTRIBUTION OF ANIMALS 

Distribution of animals includes 1. distribution in space and 2. dis- 
tribution in time. Zoogeography deals with the present distribution of 
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A>imals in space. Palaeozoology concerns itself with the animals that 
inhabited the earth in the past. 

DISTRIBUTION IN SPACE 

Present distribution. -No species of animal is found all over the 
world. Each species is restricted to a definite range or area of distribution. 
Some animals have a limited range while others have extended ranges. A 
few are cosmopolitan , i.c. occur all over the world. The factors that 
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Uatodiun mimicry between A. a poitonou* spider and B. a harmless ant. 


limit the distribution of an animal are called barriers. Some of the im- 
portant barriers include 1. physical barriers like land for an aquatic animal 
or water for a terrestrial animal, insurmountable mountains, deserts, etc., 2. 
climatic barriers like unfavourable temperature, rainfall, sunlight, etc. and 
3. biological barriers such as lack of food, existence of competitors, natural 
enemies, diseases, etc. Although all the oceans form a single mass of water, 
marine animals are rarely cosmopolitan. Pelagic species cannot reach the 
bottom because of the great pressure and the abyssal foims cannot : i»l»al?it 
the surface because their body would burst under reduced pressure. .Animals 
of the tropical seas are incapable of existing in the polar seas. 

The range of a species thus surrounded by barriers to the d: -pcrsal oi 
the animal leads to isolation. Geographical isolation 1. protects the 
species, 2. preserves archaic characters or 3. encourages radiative adap- 
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u.iors. Australia for example has a fauna that is peculiar to it. Island^ 
that are close to mainland do not differ in their fauna but the oceanic islands 
have characteristic fauna. Cape Verde Islands, 5 °o miles off the west coast 
of Africa and Galapagos at about the same distance off South America have 
similar physical cc editions but possess different faunal types. Cape Verde 
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A species or a closely iciatcd species generally occurs in ranges tha 
are contiguous. 1 he dis-nhuNon i' then described as continuous - Tbi 
however is not always the c.«- .\ A species or genus occurs in small areas fa 
apart geographically. Their distribution is discontinuous. 
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Large flightless birds like emu, cassowary, ostrich, etc., comprising the 
Rititac of older books, occur, for example, in Australia.. Africa and South 
America. Tapirs occur in Malayasia and Central America. Marsupial 
mammals are found in Australia and South America. Dipnoi or lungfishes 
occur in tropical South America, Africa and Australia. 


Wegener’s theory oi continental drift explains such 
discontinuous distribution. 1 he earth contains a denser core that is 
subjected to tremendous pressure and high temperature. On this core lies 
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* a thin cru^t of lighter rocks that compose the continents. Centrifugal force 
due to earth's rotation, tidal action of moon, etc., cause sliding movements of 
this crust on the denser core that periodically softens on the surface 
^ by reduction of pressure or for other reasons. The continents actually drift 
on the surface of the earth. At one time there was a single land mass, the 
Pungea, which suffered two fractures (Fig. 467). The fractures gaped and 
the broken masses drifted apart. Australia and Antarctica broke away from 
South America vciy recently after appearance of the various animals 
mentioned above. The regions thus came to be isolated. 

Faunal Divisions of the Earth.— (Fig. 468) On the basis of present 
distribution of animals, the land surface of the world is divided into six 
regions: 1. Palacarctic, 2. Nearctic, 3. Neotropical, 4. Ethiopian, 5. 
Oriental and 6. Australian. The Palacarctic and : Nearctic together 
constitute the Holarctic. The Holarctic fauna include deer, bison, wolves, 
beavers, etc. The Oriental fauna include Indian elephant, orangutans, 
gibbons, pigmy musk (Trayniu* jaranicus), numerous families and genera 
of birds and insects The Ethiopian Region is characterized by many 
J families that arc peculiar to it : Hippopotamus, giraffes, antilopcs, zebras, 
chimpanzee, gorillas and ocapics. Carnivora like tiger, cat, hyena and wolf 
arc absent but lions arc abundant. The Australian Region differs sharply 
» f r om other regions Its geographical isolation, combined with its separation 
from Antarctica and South America (Fig. 467C) comparatively recently, 
have preserved many archaic mammals like the Monotremata and Marsupal.a. 
True endemic placental mammals arc absent. Birds include the Apteryx. 
The Neotropical fauna is also sharply different from the rest. It includes 
Edentates like armadillos, sloths and ant-eaters; marsupials, platyrrh.ne 
monkeys, marmosets, vampire bats ; peculiar birds like toucans, guana, rheas 
or the American ostriches ; peculiar snakes like anacondas. 

DISTRIBUTION IN TIMe 


Palaeozoology 

Palaeo/.oology deals with the animals which flourished in the past 
and disappeared without man having ever seen them. Innumerable 
seems the number of animals that exist today, but th.s number is 
verv small fraction of those which lived in the past and became ext.net, 

■ , y passc d away without leaving behind any living representatives. 
Our knowledge about them is derived from their petrified bones teeth, 
etc which are found as fossils in rocks in different parts of the world. 


* 
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What are fossils ? The term fossil (from fossore k to dig) was v 
originally employed for anything dug from the earth. In palaeozoology a 
fossil (Fig. 469) includes all traces and remains of the animals that belonged 
to the geological age other than the Recent. When an animal dies, the 


*'*11. '.'I**"* ItTlinrx l««si|i* imiii Indin. A. lYtrilied mandibular minus 

t'-rtli «>i > . 'ifir i- . an • Niiiu-t |»i»*. li. A blo.-U of Multnni multi with ft 
semi-miner.. li/.c.l l*. IVtiiliol r. -mains «»! (Ik- shell of n Bruch iopod »\ncl 

Ammonite. I ». IVlrifi.-il u|.|« r jnw »nil te«ili • .l'erul/itr-'tn,i an extinct hornless 
rhinoceros that ri-iiun il in Italia ub..nt *jo milli-.n years ««*».. 

soft parts like skin, llcsh, etc , rapidly decay or are devoured by carrion 
feeders. The hard parts like bones, teeth, nails, scutes and scales may 
be scattered and washed away by rain or torrents and reach the sea 
or a lake. They may finally settle down and be covered by layer after 
layer of muddy sediment. An aquatic animal undergoes similar decay 
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Fl .. I TO. ,\ «»f hIi ilc v\ i * li csi-t ol mi i-xlinri TiiloLifo from llu* I'ulnon/mc 

t rat i nM mlia . 


Fit: » 71- Foss i In in which *lic or i pi mil |».irt of tlie oxtinel mim •» 
\n ..vtin i n»i f «*. f an«l 2. an extinct pilot. Cltir—.- . 

till* Fpocli. embalmed in salt in the Saline Seri.-* ..I ih« 

1 >„, (,„,w Pakistan). {Ori'jinal photo m ier a^roph* .,/»/,./.> «<</</ t • 
b , Sa/mi reproduced b>j 'he courtc+j of the t’nloinolo>jical « ' / ••/ /"' 
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of soft parts but the hard parts sink and become buried. The fragment*, 
which thus get buried become preserved as fossil. Most fossils thus 
form in sediments under water. The sediments accumulate layer by 
layer and in course of time by pressure become compacted into the 
sedimentary rock. Animal remains that get covered by mud from 
mud volcanoes, or ash and lava from active volcanoes may also be fossihzed. 
It is mostly fragments that arc thus fossilized and it is only extremely 
rarely that complete skeletons become buried. 



1- i . 17.\ a |>i of nr^illinHiut shnl* fram the Intcr-Trnppcnn Tertiary 
Naiijnir, \» irli it .* •• i>f ..f the elytra (wins *over) of nn oxtinct beetle, Palaeolani/inecUlcs 
The Su»;:.»eii* ..f rhe elytra lia«l Inin on the soft mud before it had become 
rompm-ted ini » r«** U .in. I thu* left on it a faithful impri ssion of nil details of surface 
Rtmrtui.v Tho elytra itself delayed in time and the east hardened into the fopsil. 
Knlareod. /ilinimim/ili of a 'i-tiiinc" leaded for slothj hi/ I he lute Prof. tiiTuoi 

Soft'ii, rcjff •/•••< •! /<// ihc r!(' •! of //#«* polomolo'iirttl Sor id o of Intlio). 


In several cases the fossil consists of only ihe foot prints or casts 
of some part of the body of the extinct animal in soft mud of an ancient lake 
or sea, which dried up before becoming buried under further sedimantation 
and finally compacted and hardened into rock. In very rare cases the 
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k entire carcases, as for example, the woolly mammoth, have been ‘frigidaired’ 
in the frozen mud cliffs of Siberia. Some fossils, like those of the 
extinct woolly rhinoceros, consist of the whole body pickled in mineral 
oil pits. Small insects and (Fig. 471) plant fragments have been embalmed in 
brine that dried into rock salt as in the Salt Range of the Punjab. 
Sometimes small insects, spiders, etc , became entangled in gums and 
resins oozing from ancient trees. The resins dried, hardened and became 
buried with the enclosed animals. These fossil resins constitute amber 
and copal , in which the organisms arc preserved much in the same way 
as mounted in Canada balsam on a glass slide in the laboratory. It is 
thus only the geological age and not its composition that determines whether 
a specimen is a fossil. 

Changes during fossilization. — Animal remains that get buried in 
sediment undergo various changes during fossilization. Some of these 
changes are chemical and others are mechanical. The chemical changes 
include 1. decomposition, 2. mineralization or petrifaction, 3. carbonization, 4. 
infiltration, etc. Mechanical changes include crushing, distortion, faulting, 
folding, etc. During mineralization, foreign substances like carbonates of 
calcium, silicon, iron pyrites, iron oxides, etc., dissolved in water, replace the 
organic material of the buried bone molecule by molecule. The remains of 
the dead animal thus become petrified or turned into stone. 
Caibonization occurs under water; coal is the fossil remain of ancient forests. 
The muddy ooze flows into the hollow parts, such as inside shells, and takes 
on the mold or imprint before the shell decays (Fig. 469 Chance alone 
governs the formation, preservation and discovery of fossils. Not all animals 
that flourish become fossilized. Animals like worms that have no hard parts 
have thus practically no chance of becoming fossilized Even among 
others it is only one or two out of the millions that die ever become buried. 
Fossils are also not free from decay and destruction. The rock that 
encloses fossils undergoes weathering and the fossils gradually disintegrate. 

Geological succession and chronology - Sedimentation of line mud, 
sand or other similar material takes place layer by layer, one above the 
other in strata. The strata at the bottom arc thus laid first and those at 
the top are laid last. Such a sedimentation is a gradual process 
requires millions of years. During this long interval various type, 
animals flourish and perish. Lower stra.a enclose fossils of early animal 
tvDes and the top of late types. The early fossils consist only simple ■> P- ■»* 
Protozoa and Coelentcrata. Above them appear the foss.l Arthropods. 
Still above lie the primitive Chordate forms, the reptiles and Anally 
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top of all come the fossils of birds and mammals. There is thus a £ 
regular succession of fossils from simple to complex types. 



1 •• <!«•«•!. tyi ••«! , with examples «»!' ih*» dominant animals. Tho 

I . -rili Mil.** n. .irlv ani'la 1. y«? .re ..^v The unimaginably enormous stretch of 

i li.it I ■ : • *< tin • p •> ..I iit « 1 1 v i' I'll l*v •.'culo^iaU into 1I10 Eras Atoic, Proterozoic, 
.l.iiM./oi,-, M, ..... i - . 1. I • n- >/.••!;•. Tli.* Kr ie :iro moImIix-hIimI into Periods, Periods 
•u • 1 • •« 1 i i* l. u<*oln^i.*iil polio. I of (into \vi»k characterized by its own 

*!«• . I .1 I*. .... .»!•. 1 . «n|*-..r. r- «. I. il.oir peak mid disappear in succession. Tho 

' wi.j • • i | • .V» l.ifo *. tin* l'roi.*ro/..ii* one of unicellular life. Palaeozoic of 

• ici* 111 1 V** vriM« in »‘n. TIm? lir*t Inn. I .rnimul -n scorpion— enmo in 

tho Miiirinn. 1 .... m / was ... » ..1 repli <u and « 1 ie Ccnozoic is probably ono of 

ituuninuls an. I insat. 


The earth was born out of the Sun about 3500 million years ago.* 
Scdimcntaiion and formation of the straiified rocks however commenced 
only after the earth had sol: Ji lied and cooled sufficiently to permit the 


* Recent retined nu t hod« -*f. - 1 in-. u*i.,_. the so-called "radium clock *, pluco 

t 1. uge of the earth lit -l.l.w 1111II...11 years. Surprisingly enough, according to 
the undent Hindu scriptures, tho • ir:h is »..*.% .... 111.70 \. D , 1.1172 1 ) 19 , 0.71 years old, 

1 (i.riirn nlnca f a •Mllhl utilliikn «•.. I . • . . * * 


a figure close to 2000 million years widely 
expanding universe. 


*pted i.y many modern scientists for the 
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condensation of water. At this remote period there was no life on the 
earth. Fossils appear only afters long interval. Geological chronology 
or time scale begins with the formation of the first sediments. The total 
thickness of the sedimeniary rocks exceeds 30 000 metres. The formation of 
such an enormous deposit must have taken a vast stretch of time that 
can only be measured in millions of years. This period is divided into 
ihe Azoic, Palaeozoic, Mesozoic and C.enozoic Eras. The Eras are further 
divided into Periods (Fig. 473) and the latter into Epochs. The Palaeozoic 
Era comprises the Cambrian, Ordovician, Silurian, Devonian, Carboniferous 
ard Permian Periods. The Mesozoic Era includes the Triassic, Jurassic 
and Cretaceous Periods. The Cenozoic Era is divided into Tertiary and 
Quaternary Periods. The Tertiary Period is subdivided into the following 
Epochs: Eocene, Oligocene, Miocene and Pliocene. The Quaternary 

comprises the Epochs Pleistocene and Recent. 

Each of these Eras. Periods and Epochs possesses ns characteristic 
fossil types. The Cambrian fossils arc wholly of marine animals such 
as Trilobites (Fig. 470), Ostracodeims, Mollusca, Annelida, Echinodcrmata, 
Bracniopoda, Sponges and Radiolaria. The firs, fishes and the land animal 
scorpion appeared in .he Silurian. The Devonian fossils mclude Myr.opods 
and Amphibia. The Carboniferous Period saw a m.ld and hum.d chma.e 
in .he northern hem.sphere. Land plants like the vascular Cryptogams, 
Gymnospcrms, e,c. flourished in great abundance. The ^ 

and insects came into being. The Perm.an period was one of m.gh.y 

aiL eta*. « w» ■ ■**■> ° f «“ Ktp '"" ‘" J 

A *™,*', ird The Trilobites had become extinct. 
mSCL During the Mesozoic Era the reptiles gained ascendency : Dinosaurs 
. U • in the Triassic Period and became extinct at the end 

of 'the'creTaceo u s' ^ ' T h c firs, flowering plants, birds and primitive mammals 

- modern bees, bu, terfl.es birds 

monkeys, apes, elephant and hor-e. The Pleis.ocenc was marked 

.heh'nhofjan.gjcaiagcofany fossiiiferous rock is determined by various 

methods like stratigraphy and superposition, chemical and other smiaurs 

Z rock ,’ comparison of types of fossils, magnetic orientation of crys.aK m 
T ’ lca j isotopes estimation and radio-active substances, cu. 
thC •’ c hcgan about <53 million years ago and ended lHs million \ors 

zrz ™ Ep “ h 

.was two million years ago. 
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Extinction of animals.— Many fossil genera, like Foraminifera, remain 
unchanged through a number of Epochs. These constitute the persistant 
types. Others, the variable types, change rapidly, develop into a great 
variety of forms in successive periods and die out completely, as for example, 
the Trilobites, Dinosaurs, etc. They become extinct. The causes of extinc- 
tion of animals are not still clearly understood. In some cases changes in 
external conditions, like the distribution of land, water, lack of food, encroach- 
ment of natural enemies must have led to extinction Some must have 
perished through rivalry and civil warfare. Oihers met their doom by over- 
development in some direction, for example, size as in the Dinosaurs. In 
many cases the race appears to die off without external help through 
sheer superannuation. As in individuals so in the race the reproductive 
functions gradually decline and the animal becomes extinct in due course. 


RESUME 

1. Animal Ecology. 

1 . The funclnmoiu.il principle ol nniin.il ecology states that every animal forms 
mi integrated part of t ho environment. The nninril and its environment ure mutually 
i n« cruel i vo and adjustable. The result of this interaction is a dynamic equilibrium 
that lias within itself i lie p.»w*r ol reestablishment if the balance is disturbed. 

1,0 * , . l i l ,ron, " en,ul influences that interact with the animal constitute coo- 
i«V‘ “I I actors. I hese lactort are ol three k imlg : abiotic, biotic and superorgauic. 

3 * bu lor has a minimum, an optimum and a maximum value. 

1. nn,er1.'...r ! lh Z mo * 1 ,,, ‘P'»rtnnt of the abiotio factors. Increase of 

viliiel. iiV : , “ • l 1 !'" 'V.,"' .‘ ,r, T l ""hnalH upto the optimum point, beyond 

« Inch it is not |..voural>!c. The fatal fcmpontuiv for most animals is 00*. 

*’• 0l, "' r •' l,|w,,V factor* include Immidity. pressure, wind, lij^ht. etc. 



ami. ;i K . 


«f i,..,'!; puns., atom u „d p i„ nu ■« »» 
exists. 1 •i" , u"i| .symbiosis between plants and animals ulso 


II. Anneals in their hcuuts 

• • Aiiim..| ha 

S. 

a byssnl. 


mi 
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oinprifMt salt. waters, fresh- waters and land. 

.1.0 ..... .mi,. ...Is ..... cl.,„ilicd ,.| allktwi( I1< kluIlj MUorul- ncritic und 

K'..,'. riv.-w, im.11.p9, ,„»r.l.. s , *«. 

lcrr..».„„| include (In- lundr.n.. form., grusalat.d- „„d d»rl». 

III. Adaptation. 
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13. Some of tho important adaptations for special modes of life involve aduptu- 
4 lions for aquatic life, amphibious life, terrestrial life, flight and parasitic life. 

14. Mnnv of the adaptations protect tli3 animals from their naturol enemies. 
These fall under two groups : visual and non- visual. 

15. Visual adaptations protect the animal either by concealing it or by warning 
its unacceptability to the enemy. They involve : protective colouration, protective 
resemblance, terrifying appearance, warning colours and mimicry. Iho lirst two arc 
cryptic but the others advertise the presence of the animal. 

IV. Distribution of animals. 

10. Zoogeography deals with distribution in space and p.daco/oology with 
distribution in time. 

17. Each species occurs in .1 definite range that is surrounded by barriers to 

1,81 'lS Distribution is cither continuous or discontinuous. Discontinuity of distri- 
In. (ion is explained on tlie basis of tl.o theory of conl.nentul drift. 

19 ° iir 

r: o r ~ d 

frozen or cmbulmed remoins. , . .... 

.... „ u ,. cession of fossils forms tl.o b.sis of goolog.oal .hronnlogy. I ho 

by'first turn'^mom'.m.i' mom oomp.ix 

O,. Among tho c««C .ho. led to ox.inc.ion of on, I rnd mo 

fciiesceiieo arc important. 
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CHAPTER XXVI 

GENERAL PRINCIPLES OF BIOLOGY (Continued) 

1. VARIATION. 

What is variation ? No two individuals of a species of animal are 
exactly alike. There are always minute differences. These differences 
constitute variation. Variations include not only morphological characters 
like size and colour, but also physiology, behaviour, etc. Some of these 
differences arise from the inherent property of living matter to vary and others 
are due to the effects of environment Variations are cither continuous or 
discontinuous. Continuous variations comprise small graded deviations 
from the typical condition of the species, the extremes being connected by 
intermediate stages that pass insensibly into one another. The height of man 
for example fluctuates in this way : there are people who are 6 ft. tall, others 
only 5 ft. tall and many who are in between, c.y., 5'-6", 5'-7" and so on. 

fjiscont i nuous v iriations or mutations comprise sudden or abrupt 
deviations from the nom al condition, not connected by a graded scries of 
intermediate forms. Mutations are generally very rare. Hugo de Vries 
( pronounced /'on;o J> /*?«-*), a Dutch botanist, first drew 
attention to the importance of mutations in 1886. He described 
several mutations in Otnalhi ra lampi ckianu, the evening primrose 
plant. Sometimes hornless cattle arises ' in a herd of horned ones 
and gives rise to hornless progeny. There arc no intermediate forms of 
cattle such as some with small horns, others still smaller, still others with 
vestigia* horns and so on, to form a graded series between the horned and 
the hornless. '1 he hornless form appears all of a sudden. In recent years 
Morgan, an American biologist, has described nearly five hundred mutations 
in Ih'n.io plain wlun ■; isiir the common bananafly (vinegar fly). Each of 
the>e mutants -ui-.r. suddenly and independently and continue true 
generation after genet -lion. Mutations in Drosophite include changes of 
size, colour, head, cyc>. v.ings, etc. 

Some of the variations arise within the life time of a single individual 
due to the direct crfect of environment on the body. They are termed 
somatogenic variations or acquired characters. A blacksmith, for 
example, has the muscles ol the right hand and generally of the right side of 
the chest better developed than those of the left due to his habit of 
constant hammering with the right hand. His children are however boin with 
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muscles of both sides equally well developed. The action of X-rays on 
Drosophila produces, for example, variations that re-appear as mutations in 
successive generations. These variations are cal'cd blastogenic. 

Some of the variations are in the nature of adaptations and others are 
not. 

Biometry concern}* itself with the measurement of variation. Qi'ETEi kt. n 
Belgian astronomer, meteorologist nn«l anthropologist, may be said to have 

founded the science. The statistical study of variation initiated by him was carried 
further by Fraxcis Cai.t »N. especially in genet i^s. In recent years the mathematical 
treatment of biometric problems has been greatly perfected by Pkarson in 
(Jallon ’8 National Eugenics Laboratory. London. 

\’uri it ions which tbietuntc about a mean are represented by the well known /re- 
i/ncncif »f error curie. The shape of the frequency curve gives us an idea ol 
the range, average amount and distribution of variability. A wide-spread curve 
indicates a highly Variable species. A measure of variability is obtained by 
determining the deviation of indi\ idiials from tbo mean for the species. The 
aver a ic deviation is then found by multiplying the deviation of each . class by 
1 1„, number of individuals in each clast, adding the products and then dividing 
by the total number of individuals. 

Thus A. !>•■- DM 

Where A. D. is average deviation, 1 the mean, /> deviation of each class, 
I the frequency or the number of individuals of the class of deviation and n the 
total number of individuals. 

Tlu* measure of variability commonly used is standard deviation. This is 
obtained bv squaring the deviation, tho squares are then added and divided by 
the total number and finally tlm square root of the quotient is extracted ; 

, ; ~- ' r,r 
v » 


S. D. 


rorOteitnl of vanaUUhf enables us to compare variation of one with another, 
t is obtained bv multiplying tbo standard deviation by |tit) and dividing it 


It is 

bv I lie 11. can 
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Coefficient of correction is n measure of the <xtr.,t to which one character 
varies in agreement with another, for example, height olid weight. 

It is always expressed as some fraction of I and it may range from 0 In 1 
or _ i, |t is obtained ns follows: 

^ 1. iv . n./ . / 

r ** u . rx . ry 

Where r i< coefficient of corn lation, 

Or Dv are deviations of cad, observed group of individual* from their respective 
means of t ight and weight for example. - the sum of the products. „ Hh> 
total number of individuals observed, 

ry, nj tile standard deviations for height and weight. 

The uses of coefficient of correlation includo : 

1 to find out what parts or processes of an animal vary in unison with 
each oilier and if so to what extent they so vary. 

•? to find out the strength of heredity. It affords n mean- of com pan - 
tlm strength of a given character in successive generations and Unis of inensuimg - • 


hav 

in 


The expressions for mean, standard deviation and other ..e aHu res d y . •-»» 
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the more reliable the result. The term probable error is used to indicate the oxtMjfc to*- 
wl.ieh our results nro likely to be wrong. It is a value so chosen thnt n pl '^* 
instance i* apt to fall within as without that value. If for example one thousand men 
instant i I height G f a given person, most ot their measurements 

doubtless differ slightly from each other. These differences will fall into 
n rocular curve, symmetrically distributed about the true value. (Freqvew y 
of error nine). Statisticians divide what is called “ normal curve by lines 

inuurtiles) into equal areas on each side of the mean The distances of the 
rcpreseiit the probable error. This is a definite fraction 0 C 74 e. The probable 
error of the difference of two quantities is 0 6745 tunes the square root of the sum of 
the squares of the sigmas of these quantities. 


2 . HEREDITY - INHERITANCE IN ANIMALS 
What is heredity ? Though animals show variation, each animal 
reproduces its own kind. Like begets like. The young of cats are always 
kittens, never puppies ; those of dogs are always puppies, never kittens. 
This resemblance, based on descent, is heredity. It is the passage of 
characters from one generation to another. Heredity is thus occurrence in 
animals of qualities, either expressed or latent, derived from their ancestors. 



I'ic.. 471. Cicfmr .•••hrii.ii M> i del ( I8S2 . IkS 4 I, nn Austrian monk, the greatest 
*>t .<li inn*', lie iln* l.iw* of inheritance. [Original photcgiaj h of 

a /loitncl in </.*• <i>j Mxt'Kiini, .Sr. Juhn'*> C ‘oUoje, Agra). 


These qualities include physical, physiological or psychological characters. 
Genetics is the subject that deals with heredity, its source and factors that 
govern it. Genetics is of great practical importance in* raising improved 
breeds of animals and plants that are disease resistant, yield more milk, wool 
or crops and so on. Eugenics is application of the laws of genetics to 
human welfare. 

Mendel and his work. — The fundamental laws that govern inheritance 
in plants and animals were first discovered by Gregor Johann Mlndel (*/ in 
Johann pronounced as Y'i (1822 - 1884) (Fig. 474). He was the son of an 
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Austrian peasant, who belonged to a family of gardeners. After his school- 
ing, Mendel joined the Augustinian monastery at Brunn, a centre of religious 
and secular learning. He was first ordained a priest but his delicate health 
made him unfit for this work. After a year he was appointed teacher of 
mathematics and biology in the monastery school. He became interested in 
inheritance and carried out breeding experiments with pea plants for eight 
years in the small garden attached to the monastery. The results of these 
experiments led him to formulate the laws of inheritance, new known as 
Mendelism. He published his results in 1865-6 but nobody took any 
notice of his paper and the tremendous importance of his discoveries was 


not realized until long after Mendel’s death. Mendelism was rediscovered 
by Hugo de Vries, Corbins, Tscher.mark and Bateson. 

Mendelism — Mendelism involves several laws that arc of universal 
application both in the animal and plant kingdoms. These arc : 1. law of 
paired units, 2. law of dominance, 3. law of independent assortment and 
4. law of segregation. These laws may be illustrated as follows : when a 
true-breeding black rat and a white rat (Fig. 475) arc mated, all the hybrid 
individuals of the first filial generation arc black. When mated among 
themselves, these black hybrids produce in second filial generation a progeny 
in which some arc black and some arc white. On an average, the black rats 
arc three-fourths and the white one-fourth of the progeny. The white 
colour that disappeared in the first generation now reappears unchanged in 
the second generation. If the F« trhilt animals arc again mated among them- 
selves, the progeny is all white. One-third of the F, black animals, on 
self-mating, produces always black rats and two-thirds produce blacks and 
whites in the same ratio 3 = >• The white always breeds true : gives rise 
,0 white rats. One of the three blacks again breeds true, the remaining two 
give rise to blacks and white once more in the ratio 3:1. The two contrast- 
ing characters, like black and white coat colours, are represented by 
a pair of factors or genes within the chromosomes of the cells. These 
paired genes that give rise to contrasting characters constitute an 
llelomorph When two such contrasting characters arc brought together 
into a cross, one is dominant and is evident in the first filial generation. 
The othek has not disappeared but has only receded from view ; tt ts 
recessive I he first filial generation contains the factors for both and is 
thus heterozygous. In the succeeding generation, the domtnan, and 
recessive characters segregate in the ratio 3 : 1 and the rcccss.vc char, cur 
thus becomes expressed. The single white rat coma, ns the genes that 
produce only whites; it is homozygous. One of the three blacks breeds 
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true and is again homozygous for the dominant character. The 

ate heterozygous and contain the genes for both. Representing g 
for the dominant character, viz. black colour by B and the recessive white by 
b, .he genetic formula for the parents is BB and bb. Each chromosome is 
diploid in the parent and haploid in gametes (vide chapter V gametogenesi. ). 
The gametes are thus B, B and b, b. On fertilization, all offsprings are 


f wnts 


ft fir '»• f (pner^lion 



helciozygoui 


homozygous 


> 


Kin. 4T*». Monohvb.*.»l cro** with mieo breeding pure for black nn<! white 
colours of hair. 

represented * F.o. Ir. the F 2 generation the combinations possible are BB, 
Bb, Bb and bb- thus three blacks and one white. BB is homozygous 
for dominant and bb for recessive character. The two Bb are hetrozygous. 
The entire genetic composition of the animal, dominant and recessive, is the 
genotype. The expressed or the evident combination is the phenotype ■ 
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When two pairs of characters enter into a cross a dihybrid results. 
This is illustrated in rats with black (B) coat dominant over white (b) and 
rough (R) coat over smooth (r). Four kinds of gametes form for each sex and 
sixteen matings are possible. 


Parents 

P, BBRR (Black, rough) 

P 2 bbrr (White, smooth) 

First filial generation : 

Phenotype Black rough BbRr 


Gametes 

BR BR 

br br 

Gametes 

BR Br 

bR br 


Possible matings in the second filial generation are given below : 


MALE GAMETES 



BR 

Br 

bR 

br 

OS 

CO 

BBRR 

Black, rough 

BBRr 

Black, rough 

BbRR 

Black, rough 

BbRr 

Black, rough 

2 

BBRr 

BBrr 

BrbR 

Bbrr 

2 «a 

< 

0 * 

Black, rough 

Black, smooth 

Black, rough 

Black, smooth 

V 

u 

BbRR 

BbRr 

bbRR 

bbRr 

< 05 

Black, rough 

Black, rough 

White, rough 

White, rough 

•J 

V 



1 


* 

BbRr 

Bbrr 

bbRr 

bbrr 

w 

.0 

Black, rough 

Black, smooth 

White, rough 

White, smooth 


The F 2 phenotypes thus contain 9 black rough (those with BR genes) 
and 1 smooth white. Two new combinations include 3 black smooth 
(Br) and 3 white rough (bR>. The ratio thus becomes 9JJ_U_L1- Thcrc 
are 9 + 3 = i2 blacks and 3 + »=4 whites; 9 + 3 = '= and 3 + 1 4 

smooths. Each character has thus segregated in the ratio of 3 dominant 
to 1 recessive. This shows that the inheritance of each pair of genes is 

independent of the other. 

In the same way in a trihybrid where three pairs of characters 
enter into a cross, each character is assorted independently of the others, 
giving rise to 64 combinations for F,. Crossing for example short, black, 
smooth-haired rats with long white and rough ones results in ; 
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Short black rough 27 
Short black smooth 9 
Short white rough 9 
Short white smooth 3 
Long black rough 9 
Long black smooth 3 

Long white rough 3 f~V ‘ ^ — - 

Long white smooth 1 

Summarizing, the laws may be restated thus : 

1. Law of paired units.- In every cell in the body there ts 
a pair of hereditary units called genes responsible for each character. 

2. Law of dominance.- When two genes of a pair are unlike, 
we have a heterozygous pair and only one of them is evident in the first 
filial generation. It represents the dominant character. The other gene 
which remains unexpressed represents the recess.ve character. /The 
progeny of the firs, generation all resemble one of the parents but not both. 

j. Law of independent assortment of the genes. When 
several pairs of genes enter a cross, each is assorted independently of the 
rest. When races differ from each in several pairs of factors, the inheri- 
tance of one pair is independent of the others. In other words one 
gene from each is included in each egg and sperm. 

* 4. Law of segregation of genes.- In breeding heterozygous 

animals f. r a nair of genes, three kinds of offspring result by chance 
combinations of the genes. One-four, h is a combination of the two 
dominant genes resulting in dominant homozvgotes that breed pure for 
ibis character. Another one fourth is a combination of the two recessive 
genes, giving ii-e to recessive homo/.ycotes that breed true for 
this ch .meter The remaining half is a combination of the dominant 
and one rcco-jvc •sene, resulting in a hctcrozygote, that looks like the 
dominant in app-arance but breeds to prcducc one homozygotc dominant, 
one homo/.ygo*e recessive and two hctcrozygote dominants as before. 
In the second filial generation three-fourths of the progeny resemble 
the dominant parent and one-fourth the recessive parent. 

Thi* "ones nr«* real in part i.-l. s, probably of I ho nature of protein 

bodies tb.it pos*i*M - li-b th-cr.-.- «f sp«-ili«-iiy. They alto In.ve the power [ 
reproducing thorcRth «•-. They i.«*i scatter* d in disorderly fashion in the cell, b 
are joined together in n dr. -I M.i.»c* E..« h string of gone together " ltb . 

eortnin amount of “inert ' •‘.institutes a ehromosoinc. hi.eb somatic ecu 

a complete set. Ono gene of .!«•• p ur i* derived from the mother and the other from 
father at least in biperental .,i.i..ul- Tl.r p rm .-. Us or the gametes contain on^y on 
member of the pair. This is .hie. --.s .spU.n.d m an earlier chapter, to mcoeis. dunng 
which the chromosomes conjugate, d.ip.icotc once, sepnraic and pass at ra«a»m 
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~ 4 ° opposite poles of the coll in two cell divisions. The total number of chromosomes 
and of the genes is restored when the gametes fuse at fertilization. 

The combinations of genes and the Mendel ian sogregation are governed by the well 
known statistical laws of chance. This may be illustrated by a simple experiment A 
blindfolded person picks up two marbles ut random at a time from a heap of 300 black 
and 300 white marbles He will naturally pick up two black, two uhi/c or o-ie b'a :.'c in I 
one white. He is made to put oach of Ins pickings into a separate box, according us it is 
two black, two white or one white and 0110 black. At the end wo will have in one box 
150 black marbles, in another 150 whito ones and in tho third 300 black and white. 
The ratio of black : black-and-white : white is thus 1:2:1. The result will bo the same 
no matter how many times tho experiment is repoated. As tho genes uro in 
equal numbers of pairs, tho chance combinations are hero also 1 : 2 : 1 , tho famous 
Mendcliuii ratio. 

From the brief account of the mechanism of heredity outlined above, it must not 
bo concluded that oach gene is tho inherited basis of a particular eh tractor. Tho same 
genetic factor does not always have the sumo effect. Changes in temporature, 
humidity, food and other environmental factors all influence the character. A 
variation is thus due to two causes; I. to gone changes 2. environmental changes. 
Tho Amphipod Crustacean (Jummarus checreuxi hus normally black facets in tho 
compound oyo. At a temperature of 1!)* C tho facets from norm >1 black-eyed form aro 
ro«l. Thus genetic factors interact with the environmental factors to produce 
characters for which they ur«> responsible The soino character can be produced 
by changing the gone or by outer environment. 


Sex inheritance.— Sox in many animals is an inherited condition. 

Tlic genes of the sex are located in special chromosomes. Each chromosome 

carries an orderly arrangement of definite kinds and numbers of genes. 

A pair of chromosomes is connected with determination of sex in 

many animals. These chromosomes are called sex chromosomes. 

The male has two sex chromosomes of a pair differing in appearance 

and called X chromosome and Y-chromosomc. The female possesses 

two X- chromosomes. During reduction division in gametogcncsis the 

icx chromosomes go either to one cell or to the other. In the male, 

one half the number of sperms receives the X-chromosomc and the other 

half the Y-chromosomc. In the females all the ova receive X-chromosomcs. 

If a sperm containing an X-chromosomc unites with the ovum that 

possesses only the X-chron.osome, the zygote gets two X-chromosomcs. The 

offspring is thus a female. If however a sperm that has the Y-chromosomc 

unites with the ovum, the zygote becomes XY and a male results. 

Fumulo lllomoxygou*) Mule (Heterozygous) 

f' ,r ® n , , „„ XX-'diroiuoaomo XY-chromosoino 

Diploid nucleus 

/ X(ovu) * Y (Sperm* I 

Gametes 1 9 


Fertilization XX (Females) XY XY (Males) 

/ygoto * • 

The female is thus a homoz.ygotc and the male a hetcrozygote. 
This for example is the case with several Vertebrates, Insects and 
some Nematodes. In other animals like birds, moths, etc., the mechanism 
is converse of this : the male is homozygous and the female heterozygous. 
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Parent 

Diploid nui'lciitf 


Gametes 

Fori ilizut ion 
Zygote 


Female (Heterozygous) 
WZ-Chromcson.o 
/\ 

W Z (Ova) 


Mule : HomozygouW- 

ZZ-Chromosomo 
Z Z (Sperms) 


WZ wz (Females) ZZ ZZ (Males) 

The results of castration (destruction of the testes) confirm 
the view that sex is Mendelian inheritance in many animals. In Vertebrates, 
for example, castration of .he young male may prevent the expression 
of masculine features but not the feminine. This would mean that 
the male is homozygous. 

.... , morhnniam of the determination of sex in several other animals 

1 10 f understood. Affording to some, environmental factors 

in Mull only *"ip offspring. Yovno showed, for example, that tadpoles of 

To X r some tin!c P in a hermaphroditic state. If these tadpoles ore fed 
Irog lini,**’ f , f fi#ll or frog meat, they develop into predominantly 

;* c, rr£; feme nUdeSmoduco partSenogcneticallv and give rise to females only 
Kl SuS and'spiing but bcSh males and 

to other-, environmental factors have no influence on the sox of the offspring. 

Linkage. Many characters are inherited together. As the number 
of genes far exceeds the number of chromosomes, a single chromosome 
carries several genes. These genes pass together from parent to offspring. 
The characters that arc determined by such genes are thus inherited 
together. They are said to be linked. The tendency of the genes 
to maintain their relative position in the chromosomes in the hereditary trans- 
mission constitutes linkage . If a character is linked with one sex or 
the other it is a sex linked character. The colour of eye of Drosophila is 
thus a sex-linked character. The normal colour, red is dominant over 
white If a homozygous red eyed female is mated with a white-eyed male, 
all b', progeny is red-eyed, the F 2 contain 2 red-eyed females, one red-eyed 
male and one v. hit e- eyed male. The scx-linkcd character is thus trans- 
mitted by evcr\ cpg but by only half the sperms. The sex-linked characters 
have 1 heir renes located in the X-chromosome. Linkage is not always 
complete, sometimes it is only partial. Characters that were together 
thus become separated Such a case is known as cross-over. 

Ancestral inheritance. Galton (1882-1911) slated that two parents 
of an animal contribute one-half of the total inheritance. The four 
grandparents contribute one-quarter, the eight great-grandparents one-eightb, 
the sixteen great-great grandparents one-sixtccnth and so on. This means 
the resemblance of an animal to its ancestor diminishes with increase 
of remoteness of the ancestor. The offspring therefore resembles more the 
immediate parents than the remote ones. 
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4. 3. ORGANIC EVOLUTION 

What is organic evolution ? (^Organic evolution deals with the 
changes that have taken place in organisms. —The doctrine of organic 
evolution states that the existing organisms are the modified but lineal 
descendants of those that lived in the past. New species of animals 
arise by gradual modifications of existing forms. Animals are constantly 
changing and becoming better adapted. In course of time they change 
so much that they are not what they were at the startj In the early 
periods oMi^^animals were much simpler than even the amoeba. 
From these^miple types arose the complex protozoans, which gave 
rise to the Coeltnterata. The Coelcnterata gradually evolved into segmented 
worms and Arthropods. Some of these ancient Coelenterates changed 
in another direction and gave rise to the ancestral Chordata, that later 
evolved the vertebral column. Then the fishes appeared. Some of 
them crawled on the swampy and marshy ground and began gulping 
air. At this stage great changes took place. These pioneers had their 
lobed fins modified into limbs. They thus became Amphibians. After them 
came the reptiles that gave rise to both birds and mammals. 

The doctrine of evolution is thus opposed to the older theory of 
spcciaT~and separate creation of each animal, as is expounded in ■ the 
religious books of various peoples. There is not one single evidence 
for the special creation but all evidence supports the idea of organic 


evolution. - . . 

History of Evolution theory.-! he theory of organ.c evolution is 

not of recent origin. Early Greek philosophers had vague notions of an 
evolutionary process. Aristotle (3«4-3» B. C.) already had definite 
ideas regarding evolution. He believed in a progressive development 
of 'the animal kingdom out of the simplest beings created by God. 
Button (1707-1788) was the first biologist who discarded the idea of special 
creation and immutability of animals He concluded that animals are 
plastic and change and modify continually. Lamarck (« 744' ««*9) proposed 
he first theory of Evolution. Darwin (1809-1882) adduced evidence 
L evolution and was responsible for its general acceptance) In Hindu 
mythology the idea of evolution underlies the avatars of god Mul^aWr 
^ he fish was the firs, incarnation of God. Then Mowed K.nm.a-a.ur 
„ rentile This was succeeded by Varaha.a^f the boar or the primitive 
a- • P mammal The next Vamanapefhr represented pigmy anihropoids. 

Ilamavatar marked man, an ideal son, ideal brother, king and so on. 
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Krithnavatar and Budhavalar represented refinement of mankind. Th 
idea of continuity and oneness of all life pervades Hindu ph.losophy^ 
(The irreversibility of evolution enunciated by dollo, is also contamcd 
in the idea that the soul having at long last reached the human body, 
docs not go back 10 other lower bodies.J 


Evidence for Evolution. 

Evidence for evolution is derived from i. classification, 2. connecting 
links, 3. comparative morphology, 4 vestigial organs, 5 - embryology, 

6. atavism 7. palaeontology, 8 missing links, 9- zoogeography, 10. changes 
under domestication, it. mutations and .2. physiology and expertment. 

Classification.- In classification animals are arranged in an ascending 
scries of complexity based on structural resemblances. All chordates, 
for example, have certain common characters and can be arranged in 
, graded scries as fishes, amphibians, reptiles, birds and mammals. I be 
amphibians resemble fishes most and pass imperceptibly into the reptiles. 
The reptiles again merge into the birds and into the mammals. The 
mere fact that it is possible for us to arrange the animals in a genenlogicnl 
I nr in the natural classification strongly supports affinity of animals 
by lineal and common descent. Were not this so, the resemblance of 
amphibia to fishes that of reptiles to amphibians and so on is wholly 
meaningless. 

Connecting links.- Some animals bridge gaps between two groups 
of animals and thus constitute cornu cling link*. The Dipnoi or lungfishes arc 
intermediate between the fish and amphibian. Pcripnht* similarly 
bridge- the gap between Annelida and Arthropoda. The Monotrcmata like 
Tttrhn.,1 - m.‘ I’la/npry (Fig. 364) connect the mammals with 

1 he re-v ! •• Sc Jr intermediate or transitional forms are relics of the past 
lint . . ived and indicate the path along which the fishes became 

modified ;.uo amj hibia or the reptiles into mammals. The existence of such 
transitional form* is a very strong evidence for evolution. 

Comparative morphology A The members of a group of animals 
arc constructed fundamentally on the same plan of structure. Series of 
corresponding organ* arc only slightly modified according to different 
functions or modes of life. The limbs of the Vertebrates, for example, arc 
built on the same cs-i.niial plan (Fig. 476). They contain in all of them the 
same bones but ihe bones differ in proportions in different animals. They 
are thus differently modified and specialized for different modes of life 
such as swimming, walking, jumping, flying, climbing, digging, etc. A 
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similarity of plan cannot run through such a varied series .f all the different 
forms were not derived by modifications of one common generalized ancestral 
type Practically every organ system presents such resemblances among the 
vertebrates') The alimentary canal (pi. iv), nervous system, heart, 
^ t reproductive systems are a., bu.lt on one genera ized pattern. 

r;i: progress- changes frem fish .0 mammal. The bratn for 
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f ARLY AMPHIBIA SAL AMANBER 


^ AfMI r 


WHAlt 


BAT 

SSSSTSi - — b,rfi ‘ 

maimnal. bal an( j Pterodactyl have the same essential 

gfaSSh0PPCr and B0KUi, ° nrC C ° nS,rUClC 
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Fio. 477. Evidcnco of comparative morphology The limbs of A. tapir, 
B rhinoceros, nnd C. horso arc built on tho some skeletal plan : they contain the mmo 
•‘Olios, Specialization Ims resulted in reduction of some anil fusion of othor bones. 
xTr.m) Richard Herhnq , Lchrhn*h tier Zootoyie , ( in*tar Fincher, Jena). 



Fio. 47tf. Evidenc of <>nmpirnlivr morphology. Tho skeleton of the foro limbs 
of A. camel, ]i. doer and pip. ( From llichard Herhc'-tj, Lehrbnch tier Zoolojie, 
Guslar Fischer, Jena). 
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^ on quite an entirely different plan. The first series of animals must 
have descended from one common ancestor and have thus inherited one plan 
of organization. The second series of animals have similarly descended 
from another common ancestor and have therefore another plan of structure. 
The skeletal elements in the wings of bat, pterodactyl and birds are 
homologous , because they are modifications of a common pattern of 
fore limbs. The wings of insects arc only analogous to those of bird 



BIRO 



Fin. 470. Evidence of V-! '/.'l" ' !' n Vl' 'Tl "i!. ro ^ tl ... 

— *• ' 

bird and bat. . . O T - 

- >... W 

mouthparw ad op <hc -am. plan ..d arc o"'P 

Uce, a»d Hex. T “'» “ t| , lo „ o( .oma pam md ■*«"» * 

“t - — ;..i ... « - 

Vestigial organs- fuDaion They however resemble and 

a reduced condition and ^ other anjmals . Many flightless birds 

correspond to the same org ostrich , have vestigial wings In the 

like emu, cassowary, rhc arc the ves ,i g es of the hind wings. Cave 

housefly and "W*” ^ under the skin Traces of the 

S5S3 S S. ~ «•» Norm3,ly snakts arc 
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limbless but in pythons (Fie. 480) the vestiges of the pelvic girdle and ^ 
hind limbs are present under the skin. The so-called '‘claw” of the python 
is a vestige of the bind limbs. In most snakes only the left lung is developed 
but in some the vestigial right lung is often found. The fore and hind limbs 
of the horse (Fig. 477) have buried within the flesh splints of vestigial metapo- 
dials on cither side of the stout middle toe In man there are ninety 



l‘n. I - > l\\ iil< nl i| organs nml ntuvMiii. A. Vestigial hin«l limbs of 

|*> 1 1 !••:>. li. I avioiiel vest iuial tail as nn ataxistie feature in a newborn litimnn baby. 
V. \ < atigi i| inu»**l«*« «>i the .ar |>inna, quite useless, in man. (.1 fler I tv inane*, "I'urmn 
•11.4I ,| Hu' i.< *, U/.-n Ciwrl I’nhH.'h ‘lit/ Co ). 

vestigial r rears ; the vermiform appendix is one of these. The ear pinnn 
is moved by special muscles in mammals. In man the pinna (Fig. 480) is 
not m v.ablc and muscles arc vestigial. 1 he coccyx of the human skeleton is 
at slur v.\ mplc. The existence of vestigial organs cannot be explained 
unless it is admitted that being useless they arc disappearing. The animals 
are thus gradually changing and becoming modified. 

Embryology.— Mctaxoa begin their development from the zygote, form 
bm'tula, gastrula and then become differentiated in various ways The 
•/.vgotes of vertebrates undergo segmentation differently according to the 
amount of yolk present but the early embryos of all are alike (Fig. 484) 
and cannot be distinguished one from the other. Later each class becomes 
recognizable, still later the family and genera become distinct. The fish 
embryo develops paired gills, gill slits and aortic arches. These persist in 


GENERAL PRINCIPLES OF BIOLOGY 



the adultJ Similar structures appear in the frog embryo When the 
tadpole metamorphoses into the frog, the gills and gill slits disappear and 
the aortic arches arc modified (Fig. 482) to serve the three-chambered heart 
of the adult. /The embryos of all reptiles, birds and mammals including man 


I 


i 

( i 


•volni i- n. Tli*- ten mil 
,lk** llio »• l*«* » > 

Tlii* can only lie no if mull i* •^•^*•••ll<^ *1 I rum -i • 
(Of iijinal /dioloyru/ h "J « »i>ccuncn loaned by •'/'• !>• * v ‘ h'/’Ia/y, /.« 
Thom non Medina! Colley, Ayra.) 


fir.. |*s|. K\ jilcncc of •■iiilfiyolojry for 
liiiman embryo n-sernblcM u li.-li embryo 
1 1, ore in no yolk 


ir< 


>ii •. 

• M. 


i*i 


(Fig. 483) develop a fisb-like pattern at first. They posse s the two- 
chambered heart, aortic arches, gills and gills slits exactly j in the lisli 
embryo, though as adults none of these animals have these characters. I he 
embryonic gill slits close, the aortic arches become modified into the 
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. . olhcr arteries and the heart becomes three-chambered and then i 

Ss r ? r=*-^sr= s 

Ch , - n oc {yiil arches in the fish but become modified as jaws and 
mammal remain as S » a ches in ^ ; 

h >°' d 12 ^an! Lmn.1 are descended from a fish-like 

t ie amp > D • a the embryonic development, each of these animals 

z'i“o„rr “ id,*™™. ..... ... ~ .h,o„ £ h 

during the long course of evolution. Embryonic development or ontogeny 
is thus a brief recapitulation of the development of the race or phytogeny] 
Vt almos- an abbreviated edition of phylogeny-evolution. Ijhese tdeas 
were formulated by a German biologist, Ernst von Bear 079*-i8^ « 

telw I general characters appear before special characters, 2. fro 
the more general arise the less general and finally the specialized characters 
during its development the animal departs progressively from the form of 
others and 4. the young stages of animals arc like the embryonic stages, but 
not like those of the adults, of other animals lower m the scale. 
Another German biologist and philosopher, Ernst von Haeckel (i*34-I9I9)> 

* formulated the well known biogenetic law : individual animal in its 
ontogeny tends to recapitulate the stages passed through by its ancestors 
(ohvlogenv). Ontogeny is not always however an exact replica of phylogeny ; 
manv stages are suppressed or shortened and “two-step leaps” arc taken 
or new modifications arc introduced. The recapitulatory stages are often 
blurred but on the whole ontogeny may be compared to a “two-hour” cinema 
shew ol an event that took two decades* We thus actually see evolution 
proj . ud for our benefit in the embryonic development of an animal. „ 

Atavism. Atavism is a sudden reappearance of an ancestral structure 
that has been completely lost. The canine teeth become excessively 
developed in men on rare occasions. Similarly profuse hairy growth appears 
on hum in face. Occasionally babies (I ; ig. 480) arc born with a small tail. 
At wism can on.v be explained on the basis that these structures were present 


in the ancestors but have been lost in the course of evolution. 

Palaeontology. The succession of fossils is really a record of 
evolution. Tne successive forms of animals that arose one after another 
became preserved as fo^ils, indicating the path of evolution. Indeed fossils 
toll the story of evolution Fossil record has however many imperfections 
and is rarely ever complete. It is like an old and tom book that lacks 
the first few chapters, contains pages here and there in the middle, often 
destroyed by white ants, with the writing faded and illegible, but towards the 



7 X 7 


GENERAL PRINCIPLES OF BIOI OGY 



Fici. 482. Evidence of embryology. Diucruin of iho vireululory n)>Ioim • 
i In* frog’s tuii|K)|o .\. will. om omul gill-*, B iniornnl gilh. mill C. of tlm udi.lt frog. 
*l*!-«-r«* i-« mm it** l uul recapitulation of tlio alup'ii in tin* evolution of 

ih«' .•ir.Mili.torj system of the adult frog from l lint ol n lidi. 


antok» f«V> .y.i 







Ki.j 4 K 3 Evidence of comparative morphology and of embryology ol the 
cirro lulorv system of the Vertebrates. The blood vessels that have disappeared during 
evolution are shown in dotted line. The circulatory Bystem of a 3 ....... long human 

embryo in idonticul with that of a shark fish, complete with ,*.11 slits, gdl arches, etc. 
though man never has gille. 
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end more and more complete and better preserved. Despite these defects the 
story can be pieced together^) 


. n a r»r» MflNKFV MAN 



I* 1 1 • • Kvni«-i >| embryology. Seven stages in the embryonic development 

of si 1 1 rk, lunglisli, I i/.ird. opus-tun. monkey ami man. nil enlarged to the sumo 
si/o, il|u»tratc the /y-.'oio, t lie i-leavago. tlio beginning of body segmentation, 
1 he appearance of •-•ill >lits mid lore limb-, the late embryo, the foetal' embryo or larva 
mid the adult. The early embryos are indistinguishable one from unother. * Tho early 
linmaii embryo is a li'li : liko the lish it has tho yolk R.u: uud gill slits It pas^os 
sneeassively through the Itiiigiioli. li/ard. opossum and monkey stages before becoming 
definitely human. \\ hy should tins Ik* so if man is not- descended from a 
lisltdike unrest or. [Mwliped from f.'rcjory, Courtesy <>J the American. Museum of Satural 
Hiilory). 
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marine and were invertebrates Later the 
Sharks with jaws and fins appear in the 
Devonian (Fig. 473) and fishes in the Silurian. The amphibians g3in 
ascendency in the Carboniferous. From the Permian to the Cretaceous 
the reptiles dominate. The first mammals appear in the Triassic but 
actually become dominant only in the Eocene. 

( In some cases the fossil record has been so exceptionally well preserved 
and complete that the entire evolutionary progress can be easily re- 
constructed. This for instance is the case with the horse and elephant. 
Horses are descended from the small four-toed E'thiuuns that 
was no taller than a rabbit. By successive stages it became a three-toed 
larger animal and finally the onc-tocd modern horse 

The elephant began as a small hare-like animal, Motrith-rium 
(Fig 485), abcut 2 ft. high, it flourished in swamps in Egypt during 
the Eocene Epoch Mtenl/itrium gave rise to I'nlafoniisloitoH during 
the Oligocenc. EaluiomosioJon stood 42 inches high. The second incisors 
of the upper and lower jaws were enlarged into tusks and the upper lip was 
cnlongntcd to reach the ground. The animal dug succulent roots, 
bulbs and other underground parts of plants for food. During the Miocene 
r„l(ifom>istoJon changed into Trilop hedon that stood 82 inches high and 
migrated into Europe, Asia and America. The two lips lengthened out. 
The two showel-shaped lower jaw teeth were employed in digging. 

Tnh r li'Mlnn gave rise to various kinds of mastodons like Pi not fan uni 

and »s7# ijodoii. The latter arose during the Pliocene and was 91 inches high. 
These animals now took to feeding on grass and other similar vegetation rich 
in Mlica. The food thus rapidly wore olf the teeth and as an adaptation 
I hey became ha.dcned by increase of transverse bars. The head became 
massive to support such large teeth; the body and legs became in 

turn massive to support such a head. The lower tusks reduced but the 

upper tusks continued to elongate. The elongated upper lip served lor 
reaching the ground in drinking water and therefore continued to elongate 
into the trunk. When these gradual modifications became complete in the 
Pleistocene Epoch, various species of elephants were born : #/</'*"« m- 
tor, E primiymXi E. yausn, E. inJicus , Loxodontia aj non, *1, etc. 
Only the last two have survivedto ^the present day.^Fossil record 
thus conclusively proves that the elephants are descended from M -»* •'/.< iu,„ 
by gradual modifications and adaptations of structure from swump-d welling 
to forest-dwelling. The evidence of palaeontology is therefore direct 

and absolutely final. *) 



The first fossils were all 
primitive chordates appeared.) 
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ANCESTRY OF THE ELEPHANT | 


Ki... 48.'*. Kv i. I* |';ilw..ntnl*^y f-*r evolution. The modern elephunt ih 
i raced back !•» a 'in ill ral»l«i:dike ancestor by a complete series of fossil remains ot 
• \iim-i proboscidian*. I In* t« *s?-il r**rord tells the story of a swamp dweller that dug 
i.ini' gradually I ruiiefci mine into a for* st dweller that feeds on course tiross 
and leaves. This |h..t,,/r:.|.»i of a wall case in the Zoology Museum. St. John’s 
t’ollege, Agra, eont.ims plaster iienlel* of reconstructions of the fossils. It illustrates 
the steps by whi* h the elephant its trunk. 

the dominant reptiles became extinct during the Cretaceous. Some 
extinct reptiles were very much bird-like. Between the bird-like reptiles and 
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the reptile-like birds of the Cretaceous there was a gap. This 
“** gap was filled up by the discovery of fossil remains of the toothed lizard- 
bird, Archaeopteryx lithographica (Fig. 486), in the lithographic slate of the 
Jurassic Period (Fig. 473). This bird was about the size of a crow and had 
a long tail with caudal vertebrae, teeth in the jaws and three free fingers and 
claws in the wings. It thus represented a transition stage in the modification 
of the fore limbs of a lizard-like ancestor into the wing of a bird. Archaeop- 
teryx therefore constitutes a missing link, that fits in and completes the story 
of evolution of birds. 



ISG. 


I rch>,eo,,i,r U r lithographic*. the extinct lizurcMoilcjl Juro.uk- bird i* <; 
. ..1". ..t nkiMHiii.r link. Il brblifou Ike tj.ii) between roi>til«*n «n<l l>ir«ln iiimI 

.hr Zoology Si. Johor 

C'/tlc'/c, A yra). 


Zoogeography. -The present distribution of animals on the earth is 
exactly what should be expected on the basis of evolution. An older group 
of animals is more widely distributed than a younger group. Moreover, 
geographical barriers isolate groups of animals and give rise to new forms. 
The existence of certain primitive animals as relics of the past, as lor 
example, in Australia and South America, is due to preservation of 
these forms by isolation. In areas where isolation is absent, the ancestors 
evolved into the higher forms. If evolution did not take place, the peculiarity 
of the fauna of Australia, for example, cannot be explained. 
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Changes under domestication— Man has domesticated various 
animals, like dog, cat, horse, cattle, fowl, pigeon, etc., which differ so 
much from their wild forms that they can be actually called different species. 



ncrftiiMtioii. Tho innumerable) variolic* 

lortivo liroftlinu mul domestication l>y 
(/.’« drawn from lUircnpori.) 


. nl< *n* >' i.r niiini.ib iiiuli'r « 
.t iirr roHiilij* of art ili<-i.tl 
<'i‘inloil I tin* uil*l out 


Man has evolved with his own hands new animals from old. The 
various varieties of cats, fowl and pigeon are all descended from wild 
ancestors. The fact that man can produce evolution is strong proof that it 
does take place in Nature. 


fvlutations. Mutations arc new forms of animals that appear all on a 
sudden and continue to reproduce their kind. Such mutations have been 
observed in many animals like, Drosophila the bananafly (Fig. 490). They 
have also been artificially produced by the action of X-rays. Mutations 
strongly support the idea that animals modify and transform into others. 

Physiology and experiment.— As affinity of animals can be established 
bv structural resemblances, physiology also helps us to do the same. Fresh 
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human blood serum injected in minute doses into a rabbit causes the 
formation of an antibody in the latter. If the “antihuman ” serum of the 
rabbit is now added to human blood serum, a white precipitate is formed. A 
si milar result is obtained by the “antihuman” serum of rabbit with blood of 
monkey, but not of donkey, horse, dog or cow. This shows the direct 
affinity of monkey and man. Experiments have been so extensively carried 
out on these lines that it is quite possible to indicate what animals 
are related and what are unrelated. Further, the malarial parasite that 
develops in human blood and causes malarial fever in man, can also 
do the same in apes and monkeys but not in other animals. The affinity of 
man and monkey can only be explained on the basis of evolution from 
a common ancestor. 

Methods of Evolution : Evolution Theories 

The theories regarding the exact method by which evolution is brought 
about include: I. Lamarchisip, ^2. Darwinism, 3. Mutation theory, 4. 
Hybridization theory and. ^ Orthogenesis. 

Lamarckism. V-The first general theory of evolution was proposed by 
4 j if a N Baptiste i amarck (1744-1829) (Fig 45 ») i" '«°9 in his “Philosophic- 
Zoologize’ 5 ) His theory, known as Lamarckism, has been much 
misunderstood by biologists. Even to this day text-books misinterpret 
Lamarck’s ideas regarding the exact method of evolution. 

, Lamarckism states that environment has a profound inlluence in 
shaping animals. When the environment changes or when the animal comes 
live under a different environment, it encounters new needs. This 
occasions new habits in the animal. Change of habit involves extra 
U5C of some organ or less use or disuse of others. Structures that are used 
more develop more and permanent disuse weakens and reduces others 
to mere vestiges and causes their final disappearance. The habit, structure 
and organization of the animal are thus modified. Characters which 
the animal developed as adaptation for changed environment or acquired 
characters, as they are called, arc temporary and not inherited by its next 
offspring. The animal has however become attuned to the stimulus 
that caused the acquired character. This attunement endures longer than 
the character. If the stimulus is repeated, the animal responds quicker and 
better than at first. The attunement is inherited by the offspring, so 
that the acquired character develops earlier and more easily in successive 
generations, until finally it appears in the embryo itself. Different habits 
contracted early and long persisted in alter the structure of the body. 
The offspring of such altered animals, exposed to the same influences. 
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new needs, to which the animal responds by fresh • 

efforts lead them to use some organs more and others lesS d 

11 is thus use and disuse continued over long stretches 

eventually lead to structural modification- evolution. Lamarck.sm i J 

he su.nma.ized thus: changing environment create. . new jeds, 

2. changed needs create new habits, 3- new hab,lS ‘ slruclura i 
disuse of structures, 4- use and disuse ol structures lead to «r »«» 
modifications, 5 the acquired habits are inherited by the offpj, 

6. the structural mcdifications arise earlier and earlier 

generations until they are finally inherited. example, 

' When the ancestral fishes began .0 craw on land ^r exampl^ 

,hcy met with environmental conditions totally ditferen 

Hkv had .0 breathe air, had ,0 support their body and craw, on the 

lu bed-1, ns, see things in air and so on. They gulped «r 
in the threat, the gills were less and less used and the eyes net 
distant objects Lungs gradually grew as pouches from the throat * 
tilling more and more of air. The gills began to shrivel up by disc*, 
the lobed-fins gradually enlarged, elongated and 

by the extra use. The lens of the eye became flatter. These modifications 

uavc rinc 10 ihc Amphibia . . j 

The swamp-dwelling ilvrilk-rium migrated to drier regions 

took .0 eating grass These changed habits modified their «**, 

in turn the skull and again in turn the rest of the body until finally 

the elephants came into being. E.,h;,p«* ll»r«coll, mum) of th 
Eocene had tour toes on the fore feet and three on h.nd feet. 1 

environment gradually changed into op. n pla.ns rich in grass, bu 

habitat necessitated speed as an efficient means of defence and lug 
strong teeth for grinding the harsh grass. Speed is gained by qu.«er 
swinging of the leg and longer strides. The legs of an animal behave 
like a pendulum. As in the latter, shortening the leg increases t e 
frequency of the swing. The femur thus shortened but the foot elongated 
and the animal ran “ tiptoe ” on the nail of the third toe and increased the 
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stride. The side toes did not reach the ground and soon came to be lost, the 
* an i ma l was left with one toe. These gradual modifications resulted in the horse. 

Controversy about Lamarkism.-AUGUSTUS Weismann, a German 
naturalist, however denied Lamarckian ideas of step-by-step change. He 
was also largely responsible for the misinterpretation of Lamarckism. 
Wcismann maintained that acquired characters are not inherited. Only 
those modifications that affect what he called germplasm arc inherited. 
“Acquired characters” are changes in tbe somatoplasm or protoplasm of 
the body, as distinct from that of the germ. The body perishes but 
only the germs-ova and sperms-survive ; changes to these can alone 
be inherited. Bodily modifications do not affect the germ. In proof of 
this, Wcismann cut off the tails of generations of white mice and bred 
Zm mi ce from these mu.ila.cd ones. He then triumphantly claimed 

“ science I,., hn.cvc, been f .,.1 . 

ST 

'I'd 0 onear compCcly as !hc animal grows. The germ cells .ha, actually 

and disappear com! > from (hc pcrllonlU m-out 

rise ,0 the - andjam^ ^ ^ of cg8 s bcg an 

of the somatic cell. . anJ fcrlUi/cd hcn s. Crowe found that 

,o assume the appear « by di>casc , b u, a testis developed 

the ovary of this hen h d b ^ ^ cavity. Hans Dr.osch, another 

from the P*”*®". at[ackcd Wcismann's view in another way. Each of 
great German Bi g . inodcrma , a should, according ,0 Wcismann, 
,hc blastomcrcs of th embryo. Driesch showed that each 

give ^ into a complete embryo-hc 

of , h e b'ast-crcs, -f shaken ^a; ^rn^-os ou, of one egg. 

experimentally produced^ ^ ^ ’ i$proved Weismann . The eye of the 

h^T.” essentially a specialized part of the brain : a retina of photo- 
vertebrates is essem ^ ^ f 0CU sses the light rays. The lens 1. 

recep'orner ve-en g ^ ^ £mbryonic growt h. Spemann and 

developed f»«« of the re ,ina from a tadpole, in which the 

r-ssr -- - - - - — - 
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ihc shoulder: a thing that never took place in the whole history of\_ 
the chordata. It is to be concluded therefore that there is no vital difference 
between the so-called somatoplasm and germplasm : one can give rise to the 
other. Germplasm does not exist, as distinct from somatoplasm. 

Numerous recent discoveries cannot also be explained except on 
the basis of inheritance of “acquired characters”. 

Continual pressure and friction hardens and thickens the human 
skin. The “corn” for example is the result of such an action. The sole of 
the human foot is hardened by walking but even the newborn baby’s foot is 
hardened and thickened, though it never walked. 

In 1910, Sumner found that mice reared under warm conditions 
had longer tail, feet and car than those raised under colder conditions. 
These differences, strictly somatogenic according to Wcismann, were inherited 
by the offspring. 

kammerer’s experiments : The common fire salamander of Europe, 
S'llamandera maculosa has black skin with yellow patches. It produces 
about fifty young tadpoles at a time. The tadpoles later develop lungs 
and become terrestrial. Paul Kammerer kept the mother salamander 
out of water and compelled her to reproduce on dry ground. The larvae 
had 10 be placed in water immediately after birth or they perished. 
The process was repeated in the next pregnancy. The larvae were 
now longer and more developed at birth than before. In the fourth 
pregnancy the young were born with lungs and limbs. This experiment 
demonstrates that response is progressively quicker and increases with 
continual repetition of the umulus. 

In another series of experiments Kammerer kept the adult salamander, 
'oon after their ci rgcncc from water, in boxes with yellow walls and floor. 
The animals grev for four years in the yellow surroundings. During 
thi^ time the yellow patches or. the skin increased in si/.e and joined together to 
form bands. lie mated two such animals and found that their young 
were much yellower than their parents at the same stage of development. He 
kept another set of salamanders in a black box and found that yellow patches, 
diminished and in the second generation the animals were black exactly like 
another species, >ulun oulni • lira , that lives in the Alps. 

Kammerer al-o experimented with the midwife toad Alytes 
obslertricans. loads and frogs lay eggs in water and the tadpoles 
that hatch from them develop external gills first, later internal gills 
and finally lungs and limbs. The midwife toad, however, deposits her eggs 
on land. The eggs are then carried about by the male until the young are 
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hatched. At the time of hatching, the tadpoles have already passed through 
the external gill stage and possess internal gills. Kammercr subjected the 
eggs to heat and dryness. Small tadpoles with limbs developed from 
them. In successive generations fewer but larger ova were laid from which 
hatched fully legged young. Here again is a progressive increase in 
efficiency in response to altered environment in successive generations. 

The prevailing view of the authorities on evolution at present is 
that I acquired habits are inheritable and 2. structures associated 
with them— acquired characters— ore inheritable too. This docs not mean 
that the acquired character will appear in the next offspring without 



F 48H Churlos Darwin » 1809*1882). propose-.! the theory of fintural w-l.-Hion. 
H„i, popularly considered to have completely explained ovolulion, though his idci.x 
!ro now no longer accepted. [Original photograph «/ a portrait in the /oology 
‘Miueun. St. John's College, Agra) 


the stimulus. The young acquire the habit more easily than the parents. 
After thousands of generations the habit and the structure appear automatic- 
ally. Lamarckism is thus once again admitted as the method of evolution. 
It has also the support of palaeontology and embryology. 

p ayw ; nUm ^- Darwin ism is the theory of natural selection , that 
was proposed indqttndently by Alfred Russel Wallace (1823*1913) 
and Charles Darwin (1809-1882), two English Naturalists. Wallace 
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published his ideas in 1858 and Darwin published his book “The Origin of 
Species by Natural Selection” in 1859. Because however Darwin presented 
his ideas in so complete a form and also adduced indisputable evidence for 
evolution, the theory of natural selection bears his name instead of Wallace’s. 

Darwinism is based on : 1. over production, 2. struggle for existence, 
3. variation and 4. survival of the fittest leading to natural selection. 

Every animal has the potentiality for infinite increase. Paramecium , 
for example, passes through six hundred binary fissions annually. It all the 
offspring survived and continued to reproduce, the total paramecia at the end 
of one year would occupy a space larger than the earth itself. Drosophila 
(Fig. 490) completes its development from egg to adult in about ten days and 
each female lays nearly 200 eggs. If all survived we w'ould have in about 
one month 200,000,000 flics ! The elephant reproduces at 30 years of 
age and gives birth to about six b3by elephants. In about a thousand years the 
number of elephants would exceed 20.000,000. The rate of reproduction of 
the housefly has already been given (Chapter XIV). Fishes, sea urchins, 
oysters and other animals produce millions of ova and sperms. If all 
the eggs of the livcrflukc and tapeworm develop into adults, the world 
will be populated by no other animals but only by these within a very short 
time. 

The high reproductive potentiality is counterbalanced by environmental 
factors (Chapter XXV). As the available living space and food arc limited, 
very acute competition between animals is the result. There is thus a 
struggle for existence. The struggle is not only intraspccific and 
interspecific but also against abiotic factors. The struggle for existence is 
perpetual and does not exempt any animal, including man. As a result of 
all these unfavourable environmental influences the vast majority of animals 
perish and only a very minute fraction of the offspring survive. 

Variation is the property of life. Among the numerous variations some 
arc useful in the struggle for existence and others useless. Individuals which 
possess useful variations have a better chance of survival than those which do 
not. For example variations occur in size, shape, colour and pattern in 
animals. An individual in which these variations served to conceal it 
from its natural enemies would have a greater chance of survival than another 
not thus protected. The result is the former lives and reproduces and the 
latter does not. Darwin therefore assumed that there was a sort of a daily 
“test’' in nature in which only the fittest passed. A natural “ weeding out ” 
process, which he called natural selection, ensured the survival of the 
fittest. Some animals were thus preadapted for a particular environ- 
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*mcnt. Those that arc preadapted survived while those not so fitted 
arc eliminated. The animals that survive hand to their offspring their 
useful variations, which thus accumulated from generation to generation, 
until they become so pronounced that the animal is a new species. 

Weakness of Darwin’s theory of Natural Selection. — It is popularly 
believed that Darwin completely accounted for evolution by his theory 
of natural selection. Actually Darwinism is no explanation at all. Experi- 
mental and other evidence has also dealt a deadly blow at the idea that 
natural selection is the main factor that causes evolution. 



rio . |S „ Ullgo tie Y.iee (lHltf-lW) « Dutch botanist. He advanced 1I.0 «»■«••' V 
of mutation. 

A variation that must be conserved by natural selection has first 10 be 
, . and inheritable. Most variations have, however, actually no survival 

*•£;. « ... . - - — * •>« » ■* ^ °< ™- 
perature, humidity or other environmental factors. The smallest beginnings 

even the adaptative variations would also offer no survival value. A change, 

for example, in the fore limbs of a reptile toward producing the «.ng of 

bird «ould be of no use for flight, unless it was large at once. 
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protective resemblance of Kallima (Fig. 460) has survival value only in the 
perfected state but when it arose in “small beginnings” could not have had 
any such value at all. The ancestral forms of Kallima could not have 
survived just because they resembled a dead leaf very slightly. It is also 
known that it is not always the “fittest” that survives but often the other way 



l 1 : I '.Mi. / /)'»>••• />!, »" 'ii inchinoyiis'er t l»o vinpgnrfly, in which ovor 500 mutnnlB 

hav Un«n h* m.I I»y Morgan anil hip pupils. 

about. Moreover recent work has shown that animals do not tend to vary 
far from the average and all such variations rapidly disappear. Small 
inheritable ami usifnl toritir ions do uni r/ulli/ cri.il o? supposed by Darwin. 
There is therefore r.o natural selection also. 

Darwinism docs not also account for vestigial organs and connecting 
links. Darwin’s theory of natural selection is an unsound one that has failed 
when tested experimentally. 
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Mutation theory.— The mutation theory, proposed by the Dutch 
botanist Hugo de Vries (Fig. 489), is a modification of Darwinism. Muta- 
tions take the place of small variations of Darwin but natural selection 
preserves useful mutations and eliminates useless ones. Natural selection 
theory attempted to explain the survival of the fittest but not the arrival of 
the fittest ; mutation theory claims to get over this difficulty. The fittest 
and the unfit too arrive with a bound without previous notice: not as small 
useful inheritable cumulative variations but as large useful mutations. 
According to Hugo de Vries evolution thus takes place by “fits and 
starts ” and is not a continuous and gradual process, that it actually is. 

There arc however many insuperable objections to this theory. Firstly, 
mutations arc very very rare occurrences and cannot account for evolution on 
a grand scale. Mutations are “failures from the point of natural selection”. 
Many of the mutants of Drosophila described by Morgan are unfits : 
shrivelled wings or no wings, defective or no eyes arc not characters that 
have survival value. Mutants arc less vigorous, also die more easily 
than normal forms. Mutations are the result of germ. weakening and 
disappear under normal conditions. This is known as reversion . Mutations 
have therefore nothing to do with evolution. 

The term mutilation has hnd many moaning given to it but wo must restrict it to 
the appearance of inhcritublo variation. This may tako tl»o form of geno mutation or 
of chromosomo mutation. The geno mutations oro wholly localized affairs and 
aro novor accompanied by simultaneous changes at other loci in the chromosome or in 
homologous chromosomes. Tho primary sour cos of variation include, in addition, 
increase or decrease, recombinations, misplacements and rearrangements through 
delations, inversions, translocations, duplications and reciprocal translocations of genes. 

Those primary alterations must survive if the species are to bo modified by means 
of them. Tho genes mostly decido their own destiny, usually destruction, by their effect, 
generally lethal, upon tho germ cell that contains tho geno mutation. When the two 
members of a pair are uliko thero is no particular evolutionary significance. If these 
are unliko they suggost evolutionary possibilities. In such a cuso one of the pair is so 
widespread that it is called tho "wild-typa” and the other loss common— it is 
a mutation from tho wild-type. The character which develops in response to 
thoso gonos is usually idonticul with tho one which would have appeured if both 
the genes were of the wild-type. When a gene mutates, its new form is recessive. Ono 
wild- typo gono, oven in tho presence of a mutant geno nt the sumo locus, has thus tho 
effect of two wild-types. It has ulso been shown that ono dominant geno is dominant 
ovor thro© rocossive genes. Tho mutant gone can bring its alternative character 
out only if it is present in both tho homologous chromosomes, to tho comploto exclusion 
of the wild-type. 

Most of the mutant characters that have risen under observation aro almost 
completely rocessivo. The few of tho so-called dominont mutant genes of Drosophila, 
such as thoso which produce curly wings and star eyes, aro of no evolutionary 
significance, because flios with thoso characters are incapublo of living. Such 
Drosophila mutants actually live shorter, lay fewer eggs and fewer of these eggs 
comploto their development. If mutations are tho material of evolution, as cluiined by 
geneticist©, evolution must be diroctcd firstly by occurrence of mutations of certain 
types and not others and secondly by differential survival of these mutations or their 
differential spread. It has been demonstrated that successive mutations in ono 
direction do not occur and are not indeed possible. 
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Hybridization.- Losty suggested another method of evolution. Alb- 
animals arc impure from the genetic point of view and constant hybridization 
gives rise to newer and newer types by crossing of genetic characters. This 
involves recombination of genes in Mendelian relation. 

Orthogenesis.- According to the theory of natural selection, when 
a character becomes useless or harmful to an animal, it would disappear. 
This however is not the case. Animals continue still to vary in this 
direction, irrespective of the fact whether it is useful or harmful. The 
antlers of the Irish elk are thoroughly harmful and are in its way 
of defence and escape. Yet they continue to over-specialize. Such 
structures arc really handicaps. Orthogenesis explains that the develop- 
ment of a character is a hereditary tendency accompanied by progressive 
gene changes. The animil develops constantly in one direction. Natural 
selection may perpetuate a type and eliminate an over-developed or over- 
speciali/.ed type. 

Cause of evolution. -Except Lamarckism, all the other theories 
have failed to stand the test of critical examination and experiment. 
Lamarckism alone satisfactorily accounts for evolution. It m the inheritance 
of habits that l»in<j< about structural modification - evolution. 

Human evolution : The origin, rise and decline of Homo 
sapiens - Man has arrogated himself to a central position in the Universe 
that he docs noi deserve. The Bible for example made man the centre of 
creation : man was created by God in his own shape and all else was created 
for his benefit: the sun was put in the sky so that he may have day, 
the moon ani stars so that his sleepless nights may not be dull ! Animals 
and plants were thoughtfully created to prevent starvation of man. 

It was however realized even by Aristotle that man is an animal, that 
he and they have comparable parts and are generated in the same 
way. Man’s place in the animal kingdom is shewn in figure 491- He is 
one of the chordates that evolved a vertebral column. He belongs to 
the class Mammalia, order Primates and Family Hominidae. 

The story of human evolution begins nearly five hundred million 
years ago, with the origin of the Chordata from trochophore-like ancestors. 
The early chordates gave rise to the primitive vertebrates, viz. Ostracoderms 
of the Silurian and Devonian times. The Ostracoderms lacked jaws 
and gulped small animals. The next stage was marked by the ancient 
shark Cladoselache (Fig. 493) of the Devonian period. It had a pair of 
eyes, a pair of nostrils and a mouth with toothed jaws. The eyes 
were at the sides of the head and the nostrils far apart. The teeth 
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-I 1 were spine-like processes of the skin arranged in many rows, 
to feed on larger animals. 


It learnt 



MAN 
AMONG THE 
VERTEBRATES 


. . i . ... Tlw, fioiirps renfi’MMit nil uscvmling P«*ri*‘s 

Hio. 491. Man .« • vcr ob ^ ^ J ^ * m£ 3 8lurgc .„„, a. Poljfto^. 

of living 8 7 k riai ,i>us, 8. upturn. U. ground nlirew, IU. tr.c v|„. u 

5. newt, 6. S /' heno ^"' unthropoid. 14. man. Thcao art- not ilio unc-Hl-r- •' 

1 1. Tarstu *, U “ f, u „Watoni of the past. In om.li aufcouiv- g- *«l 

•nun but arc doeeond'- ■ lo tho w , higher 8t«ge but other* return i*"’ 

<*"**4"" Amercan ylufcum ° J 

This was succeeded by ButthcnopUron, a lobe-finned fish > of ' hc 
Devonian It represented a step forward to life on land. 1 c ‘ 
cavities* deepened" and opened into the bucca. cavity. Both ungs and 
gil,s were present. Its face was a “bony mask” that was p.erced b> holes 
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for the mouth, eyes and nostrils. The face was all mouth. The whole set- 
up had for its object capture of fish ; robbing and getting away with 
the stolen goods and crawling up on the shore to avoid pursuit. 

The earliest amphibians mark the next stage. Eogyrinus, that 
flourished in the Lower Carboniferous period, was a swamp-dwelling 
form. It passed its earlier stages in water just like tadpoles of the 
frog. The fins became modified into limbs. 

Seymouriay an early reptile of the Permo-Carboniferous, took an 
immense step forward by learning to lay eggs on land. The nostrils 
came closer together. The rest of the body organization still retained 
much of the amphibian traits. 

The dawn of lower mammal was fore-shadowed by the cynodont 
reptile Cynognathus , in which the eyes began to look forward and the 
mouth started shortening at the sides. It was a mammal-like reptile 
that fed on small insects. 

The next stage was a reptile-like mammal— a sort of twilight between 
reptile and mammal. It is represented at the present time by the common 
opossum, a ‘'living fossil”. It is a survival of the past, a relic that 
indicates what an archaic mammal must have been. The head is produced 
into a muzzle. The eyes look more in front. An external ear pinna 
has appeared. 

Another recent archaic mammal, the lemur (Fig. 373), again a 
relic of the past, represents the mammalian stock that gave rise to 
the Primates. It has a fox-like face but its general anatomy fore-shadowed a 
monkey. 

The Old World monkeys represent a stock from which the monkeys, 
apes and man descended. The muzzle start shortening, eyes fully look 
forward ami ihc entire body fore-shadows man. 

I lie Anthropoid apes like gibbon, chimpanzee, urangutan and gorilla 
are almost human. The Australian bushman is a relic of an early 
human race. 

Each oi these Mages marked changes that led to the erect posture 
of man. The earliest forms lived in water and swam by undulating 
movements of their body, using the fins as rudders and balancers. The 
swamp-dwelling, air breathing fishes modified the fins into paddles and 
finally into limbs. Then they crawled out of the swamps. They learned to 
raise the belly (Fig. 492) off the ground and to run about in search 
of food or to .escape enemies. Next they began to crawl up tree 
stems and became expert climbers. Some of them gripped the branches 
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and began to swing from (Fig. 438) one branch to another. A few of these^ 
tree-swingers jumped down on the ground and began to run semi-erect. 
Stones were picked up and used in defence and offence: Man was born. 

Man thus emerged from an arboreal stock The arboreal ancestry 
has given him many boons. His hand, binocular vision of eyes, protrusive 
lips free from the gum (which help articulation of words), enlarged 
brain, powers of judgement, capacity to turn the head from side to side, 
locating sounds and so on. On leaving the tree, the hand was emancipated 
from the task of grasping, but was free to pick up things, bring them near 
the eyes for close inspection and convey food to the mouth. The snout was 
thus relieved of picking up food and began to recede. 

Man is in short a modified fish He inherits from the fish his whole 
anatomy : the backbone, the skull, the jaws, the teeth, the eyes, the nose, the 
ear, the girdles, the limbs and even his brain. His jaws are one of 
the modified gill arches, his teeth modified placoid scales and his hands and 
feet the modified fins. The articulated speech that characterizes bim 
is produced by larynx, which is a highly specialized modification of the gill 
arches. His brain, that now probes into the mysteries of the universe “began 
as a simple automatic mechanism for directing his motor and digestive 
apparatus towards his next meal* 9 . 

Morphology of the human body testifies to his fish ancestry. His 
embryonic development repeats and reiterates his descent from the fish. The 
early human embryo (Fig. 484) is indistinguishable from the fish embryo. It 
has a yolk sac, though the human egg has no yolk. It has gill-slits, aortic 
arches, two- chambered heart, paddle-shaped limb-buds and segmental 
muscles. It has a swimming pool for its special use in the amniotic sac, in 
which it can float before coming on land. 

1 he evidence of fossil is however very incomplete : there are numerous 
gups. Undoubtedly the primates arose during the Eocene but the separation 
ol the Hominid branch from that of the apes took place during the 
middle Tertiary. Between this and the appearance of various fossil 
men (Chapter XXIV) during the Pleistocene there is a blank. 

There is however no doubt that man evolved from fish- like ancestors 
like all other vertebrates He is very much a product of organic evolution 
and not of special creation. 

‘•Gottaclmt d. il McmkcIioii n»i« li Kiltie, diuu heisst vcrniutlich, dor Mensch 

schuf Gott naen dem -• - Hcmr Chri*i»ph LichtcnLery. 

God did not create him in His own shape but he created various gods 
in his own shape and endowed them with all his vices and virtues. 
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Fit:. 493. Our face from fish to inan. A comparative series of extinct out- 
living forms, though not nil on the direct line, to show the evolution of the much 
admired human face through 540 million years. To becin with, the face V. ns 
merely a terrible fish- trap, set with sharp teeth, und designed to secure the daily 
food. The mouth, which is the gateway to the stomach, dominates the face : thus in 
the Palaeozoic shark the face was merely a bony mask, pierced by the largo 
mouth and by small boles for the eyes and nostrils. Tho lace was "all mouth’*. The 
eyes appear on the sides of tho head, but gradually shift forwards, until in the 
Anthropoid Apes for the first time they can 1 m> focussed on objects held in hand. Tho 
nostrils are wide apart at first but come together into u true nose in the apes. Tho faco 
has undergone groat changes in adaptation successively to different kinds of life, until 
man is at once recognized by his "swollen head’* and human expression. Man’s face in 
tho shape of which he created god again and aguin, is simoly moulded upon an organ 
which was mount to direct the mouth to the next meal. His voice, which he sends over 
the radio, is a vestige of the gill apparatus of an ancient shark, put to a new use. His 
delicate teeth, tin* scales of tho pkin of the Palaeozoic shark. 1. Cladotelache — taco 
"all mouth" 350 million years •>. Euithen opt cron — Devonian air-breathing fish. 300 
million years 3 Eogyrinu* — Carbon i IV r< us Batrurhiun. 223 million ycars.^ 4. 
Seyiiioinia — Permo-Carbonifi rou* Reptile. 220 million years 5. Jctidopsis — Trinssic 
mammal- like Reptile. I So million years G EodtiphU — Cretaceous Reptilo-likc 
mammal, 100 million years. 7. Pro pitl.erv*— Common ancei* tor of man and ap®. *»0 
million years S. Itecent— Old Woild monkey represents common uncestor. 40 
million years. 9. Chimpanzee— Represent* an extinct prehuman stock. 10. Tasmanian — 
Represents Pleistocene man. 2 inillon years. 11. Roman athlote— 7/omo sapient— 
mouth .-till rent re, but face "index of mind''. (Original photograph oj a wall case in the 
/.oology Mo 'ruin, St. John's College, Agio). 

Evolutionary changes arc continuous. They are even now going 
on. In the course of evolution millions of animals have become extinct 
by over specialization, race senescence and other causes. What is the future of 
man ? In the immediate future — 5-10 million years hence perhaps — he will 



I n:. 191. Ant* In-|«.iii* ... n . bis* that is Ust lilted l»v organization and habit 
"" "V ‘••""V. AU rtuimal life apprur almost to ha Nature's unsuccessful 

experiment > it 1 discox aiing 1 hr on.. and only successful farm of life : the ants. Thoy 
hu\c .. social system .aero perfect than the liuiuun society. They have n government 
hattcil on all that man has ever struggled for but never achioved. Man lives for 
nltnsell : nut* I've, love and l.daiur for their race. Brains they have but do not. like 
man, surfer Irom a ••sw.illeii bead *. Oivcn t line, they will oust out every competitor 
troin this planet. I l»*y alone have tin* « hance of taking tho place of man when tho 
human race becomes extinct by tint oral processes. 


be a toothless, hairless, naillcss refined being. His little toes, vermiform 
appendix, eyebrows, eyelashes, ear pinna and other vestigial organs will 
have disappeared. His bald head will continue to become more and 
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* more .swollen to accommodate an ever increasing brain. He will merely be 
an over- specialized brain with just enough of body to maintain it. If 
supper-annuation and race senescence arc too slow, the monstrous 
development of his brain at the cost of the body, will guarantee his extinction. 
Luck favouring, thirty or forty million years hence, museums (supposing 
they exist then) may exhibit complete fossil skeletons and perhaps even 
restorations of the curious animal that was all .swollen load and no body and 
hence became extinct s >on after its appearance. Who shall inherit the Earth 
from us when we ‘fade out’ ? 

Writ winl all lllld wir.l wir.trr jlllij: 

D'icIi «I«T Mcn*r!i lioll't imm*T ViTtM'**criiiig".< .S hi her 

Some Misconceptions 

There are numerous popular misconceptions about the doctrine of 
organic evolution : 

I. Eruh.ticn atUmpts to ix plain the origin of life. This is a very 
common erroneous impression The doctrine of evolution does nothing of 
the kind. On the contrary, it merely tries to explain how life has come to 
manifest itself in the myriad forms that we find today It docs not concern 
itself with what is life or ho* life arose. 

2. Evolution and Darwinism are synonymous. There is nothing 
more erroneous than this statement. Darwinism is only one of the several 
attempted explanations of the mechanism that brings about evolution. 

3. You cannot see real at ion While it is true that evolution cannot be 
readily observed, the process has been experimentally reproduced and 
imitated in breeding of domestic animals. It is not possible to see evolution 
taking place in Nature because evolution is a process that requires hundreds 
of millions of years but man hardly lives for so years. You cannot sec the 
hour hand of a clock moving if. for example, you lived only for live seconds. 
From other evidence, however, you can become conscious that the hour 
hand docs move and can also form an idea of the mechanism that brings 
about this movement. 

4. Evolution occur rid in the past. This idea is entirely wrong. 
Evolution has never come to a standstill. 1 he changes that took place in the 
past have caused the changes that arc now taking place and these in turn will 
give rise to changes in the future and so on endlessly. 

5. Many people, who arc willing to admit that •volution occurs in 
animals, nfuse to concede that man is also subject to it. Indeed some bigoted 
people are still unwilling to consider that man is also an animal. Instead of 
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recognizing our brotherhood with the amoeba, fish, frog, bird, monkey and 
other animals, these people arrogate man alone to a divine origin. Such an 
idea is not only wholly absurd but also demonstrates the swollen-headcdness 
of man. The same laws of life, inheritance and evolutiou that govern other 
animals govern man also. Man is as much an animal as the amoeba or the 
frog. He is a product of past evolution and is equally subject to future 
evolutionary changes. 

6. Man came from the monknj. This silly statement that one often 
hears is credited to poor Darwin. Darwin never advanced any such theory. 
No biologist has ever considered the monkey as an ancestor of man. The 
monkey and man arc both the result of the past evolution and one cannot 
thus give rise to the other. Both are descendants of a common stock and arc 
evolving each in its own line. 

7. Many who admit evolution of man often assert that evolution will 
had man to divinity in course of time. A supermini will descend from man. 
While this is plausible, it is not necessary. Whether man is evolving 
into superman or not it is not definite, but it is within the laws of the game 
of evolution for man to become extinct. The same laws that brought him into 
being will ensure his disappearance in due time. 


K ESC Mr. 


T. Variations 

1. Variation irvlu.faft difference* in structure, physiology and habit. Continuous 
vari it ions are graded Discontinuous variations arc mutations that nrisc till <>•• 
n sudden and in whi h the extremes are not connected by intermediate at ages. 

II. Heredity 

2. Heredity passage of characters from parent to offspring. 

3. Mcndelism involxes the laws of inheritance and include*: i. Invr of paired 
units, ii. law of doiniitau *e, lii. law of independent assortment and iv. I«' v 0 
segregation 

•». In a monohybrid a pair of characters enter into a cross In the offspring 
the characters do not blend but one nominates and other remains unexpressed. In tno 
next generation the characters segregate and the dominant anil rcccssivo characters 
reappear in the ratio 3: I. One of the three dominants and tho single recessive 
are homozygous ; the remaining two dominants ore heterozygous und segregate 
in the next generation in the same ratio. 

5 When inure than one pair of characters enter a cross, each is inherited 
independently of the other. 

6. In many animals sox is a Mcndelian character, the genes of which are 
located in tho sox chromosome*. In some animals the femulo is homozygous 
and male heterozygous, while in others the converse is true. 

7. Linkage is inheritance of several characters together, because the<r 
genes are located in the same chromosome. 
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^.ill Organic evolution 

•S. Organic evolution is descent with modi fie tn n. Evidence lor evolution 
is derived from i. classification, d. connecting links, iii. mpurativc morphology, 
iv. vcstigiul organs, v. embryology, vi. atavism, vii. palaeontology, visa, missing 
links, ix. zoogeography, x. changes under domestication, .xi mutations and xii. ph\sio- 
logy and experiment. 

9. The theories of evolution include Lamarckism, Darwinism and mutation 
theory. 

10 . l.iimar«'ki»m states that environmental changes by creating now needs, 
induce new hubits in animals. Ibis results in use and uisuso of organs. l*se 
increases und develops an organ but disuse lends to its atrophy and disappearance. 

Structural modifications thus result. The clmnged hubits and with them the 
str uctural modifications aro inherited. 

11. Durwiiunn is based on small inheritable variations that aro useful in 
the struggle lor existence. These uro conserved ami the useless variations arc 
eliminated, leading to u sort of nutural selection. Such variations do not actually 
exist and therefore natural selection is u myth. 

12. The mutation theory is a modification of Darwinism. Sudden, large 
and inheritable variations — mutations — that are useful are preserved by nutural 
selection. Not only mutations are too rure to account for evolution, but they 
also represent germ-weakening (race senescence). They are thus unfits that have 
no survival value. 

13. Inheritance of modification of habit is the omiso of evolution. Tho 
much misunderstood Lamarckism alone thus accounts for evolution, hut not 

Darwinism. 

IV. Human evolution 

1 4. Man was not creotod by a speeiul act of God but lie is a product ol 
evolution. 

15 lie is descended from lish-liko ancestors through a long series of modifies- 
turns that onublcd them first to crawl on luiid, climb trees and then stand 
erect on bind limbs on tho ground. 

10. As evolutionary changes aro still in prog re**, mall will bccoino extinct 
at no distunt period und may give place to other lorins ol aiumuls. 





GLOSSARY 

This Glossary is neither a complete dictionary of zoological terms nor of such 
terms usod in the book. For definitions of the terms not included in this Glossary the 
studont should seek the help of the Index to locate them in the text. 


Abdomen- The posterior part of the trunk. 

Abductor. A muscle that draws a part away from the l»<*dy avis or separates two 
yurts. 

Abiogenesis. Spontaneous generation 

Aboral. Opposite the mouth. 

Absorption The selective taking up of suh-d dices in solution. 

Acclimatize. Become habituated to un environment, not native to t ho animal. 

Accommodation Adjustment of the eye for distinct vision at di If wnl distances. 

Acetabulum The concave surface of pelvis that receive* the head of femur. 

Acinus. Small terminal sac in lung or gland. 

Acquired character. A character that originates due t«» i !••* environment, during the 
life of tho individual. 

Adaptation Tho structural or functional litness for a pirliciihir cm ironment. 
Tho process of becoming so fitted. 

Adductor. A muscle that draws « part towards the Imdy axis ..r draws the parts 
together. Antngnist of abductor. 

Adipose. Fatty. 

AJju.tor neuron A nouron in .. none ■••ntro that !>■•«« i'»H*" 

to tho effector neuron in a reflex ad. 

Adrenil. A ductless gland, ofton also cnll.il supr.nv*. .1 M-id, n o the kidney, it 
secretes the hormone adrenalin. 

Adsorption Adhesion of .... extro.n -ly thin lay. of m-dc ul r . substance to 
tho Miirfaco of u solid. 

Aestivation Passing tho summer in n torpid slut. . 

Afferent. A blood vessel or nerve that leads away from a give, p trl. 

Agglutination Clumping together ns of blood corpuscles. 

Albinism Tho absence of natural pi -....‘at ... skin, hair or feather. 

Alimentary. Pertaining to food, digestion and digestiv.. trad. 

Allantois One of the embryonic membranes. An outgrowth “f th. hind gut "M ••• 

Al embryo that serves as embryonic organ of ^p.r-t.nn and ox. r. ' J' 11 ; 

... .. Kvtends and unites with chorion t«» form the foetal phu nU 


ibstiinee t «» 


and birds 

mammals. 


AI1.1. Allelomorph. Alternate Mcmlelian character. HI.- Mark and win 
* coat: Pair of gen*. located at tho «ame place ... I. .nulug....* oh- 
give rise to contrasting characters in the offspring. 

Alternation of Generation Metagenesis. 

AUricial- Birds that hatch naked and blind. 

Alveolus The socket for h tooth. Terminal air sac of lung. 

Ambul.cr.l Pertaining to .ho roan. ..f opening* through wlu.h th. 
of Eohinodermatu are extruded. 

Amino acid. Organic acid containing Nll 2 -rnd,c.l : tho un.t that h dd torn. 


' 
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AmitosU. Direct division of nucleus without the formation of the spindle and asters. 
Amnion One of the embrvonie membranes formed out of the extraembryonal area 61 
Am °'Z blastoderm in repiile. bird and mammal. I, is the innermost membrane that 
encloses the embryo and is filled with the omniotic fluid. 

Amoebocyte. Colourless corpuscles of t he blood capable of pseudopodial locomotion. 
Amoeboid. Putting out pseudopodia like an amoeba. 

Amphibious Living both in water and on land. 

Amphicoelous A vertobr.i with the centrum concave at both ends. 

Amylase. A pancreatic enzyme that changes starch into sugar. 

Ampulla Bladder-like enlargement. 

Anabolism. The building-up stage of metabolism: digestion, assimilation, 8 rowlh » llc - 
Anaerobe. Animal not requiring free oxygen for respiration 

Analogy. Similarity of form and function but of different origin. Example: Wmg 
of bird and butterfly. 

Anamnia. Vertebrates like Cyclostoinalu, Fishes and Amphibia that lack an amnion. 
Anaphase The phase in cell divisi m when tin* chromosomes migrate from tho equator 
of tho spindle to tho poles. 

Anastomosis- Union of blood vessc's or tracheae. 

Antenna An appendage on th' bead of an arthropod used as a sensory organ (not of 
sight). 

Anterior. Forward. Front or bead end Opposite of posterior. 

Antigen. A substance that stimulates the form it ion of an antibody in an unitnul. 
Antitoxin- A substance in tho blood that neutralizes a toxin. 

Anus. Posterior opening of the nlim-mtarv canal 
Aorta A large artery that arises from tbs- heart 

Aortic arch Paired large art-lie- from the ventral aorta in the pharyngonl region. 
Arboreal. I.i\ 'tiu tr.-es. 

Aristotle’s lantern. Tin* mastieiitory apparatus of sea urchin. 

Archenteren. 1 1» • |oimitive gut formed by gastrulatien in an embryo. 

Artiry ' ve.-. 1 iloil «'.irri'*s blood away from heart. 

Asex** .1. S " 1 relat'd to sex Heproduct ion without fusion of gametes. 

Assimilation I'- *r i-.rnt i« -i* of the dio-ted nml absorbed food into the living proto- 

Asymmetry. \'»- n— of .•ynuu- • rv 

A* r iop-ov rii-..\t-ni <1 iqK'iiii ; ..f i !•«> atrial « handier in the Protochorda la. 

Atrium • ,, v M; j, . ... auricle of heart. 

Auditory. I’. •! ir.ue. i!. - org-ui m hearing. 
turi.de. I t.-* r, /eivii.j . luiud- r me hear:. 

Autor.ouuc. p rt «•%*« * 01 ,- ;. -lent that filia tions independently of tho brain. 

Autonomy V- 1* ••• breaking il ..fa part bv sm animal Example: lizurd breaking 

Oil I** • 1*1 

Axial skeleton. Its* ''-let on that b<s m the sixis of tho body : skull, vertebrae, 
sternum it... 1 r;l« . 

Axolotl rhos.ii:- 1 . ’• - I r\.i that has aequired sexual maturity without metamor- 

phosing into : t 

Axon. The proeots • that conducts impulses outwards. 
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Back-cross- Muting between a huterozygote and n lioniozygote. 

Basement membrane. A thin connective tissue membrane to which an epithelium is 
attached. 

Behaviour. The sum-total of an animal’s movements in response to environmental 
stimuli 

Benthos. The life of the deep-sea bottom. 

Bevolkerung Population. 

Bilateral symmetry. Symmetry such thut the body cun be divided by one median 
plane into equivalent right and left halves, each a mirror image c* I the other. 

Bile. The secretion of the liver in vertebrates that is in the nature of an excretion ; 
aids digestion and serves various other functions. 

Binary fission- Division of un animal into two similar animal*. 

Binomial- Name of un animal consisting of two parts : a generic und a specific. 

Bioconesis The organisms that inhabit a given habit at. hcbcnsLcmemseliaft. 

Biogenetic law- In the embryonic development of animals there appear stages 
that were present in the adults of ancestral forms. 

Biotope Standort. Station The ploce in which animal* live. Jlubiiat. 

Biparental. Involving two paicntr. . 

Biromous. An appendage in which the tel«*podii«* com is 1 , s two hriuiehefl 

endopodite und cxopodite— as in crust area. 

Bladder. Membranous bag containing air or liquid r. >j. gall bladder, urinary bladder 
of frog and air bladder of fish. 

Blastocoel The cavity of blaslula. 

Blastoderm. The layer of cells that forms the blaslula. 

Bla.todUc. The germinal area on the egg. rich in yolk, that gives rise to the embryo. 

Bla.tomere. One of the early cells formed by *• gm* i.tat m„ «>f the zygote. One o 
the cells of the blastoderm. 

Blastopore. The opening into the arela nieroi, •» » g»* .uia. 

Blastula. An early Mage of embryo. I s, .ally a ho|.,ov -phere o. cells. 


of 


Blepharoplast A grot 


in cell that gives rise to ll..gclluin or cih.iiu. 


Blood A liquid tissue ihut circulates in «he v.-eoh.r *>>'• and serves as a medium 
of transport of material. 

Brachial. Pertaining to the arm. 

Branchial. IVrtoining to gill. 

Bronchus V largo division of the trachea convoying air to the lungs. 

Brutfiirsorgc. Parental -are involving preeautione.y measures lor the sulrty ol 

Bru.X'e.' ^Wntol car. involving direct guarding, lending and nnr.ing «l <•»' 
young. 

Buccal. Pertaining to the mouth. * , , 

Bud Part of an animal thut grows out and gives rise to a new individual. 

Bursa Pouch or sac. 

Bytsut. Tough threads that attach mussels to solid objects. 


Cecum. (FI. Caeca). Poucl.-like axten.ion of «.,e digca.ivc true. -I a, - 

SXJ The .mail canal that connect, the lacuna, and .he Wave, canal 

u bone. 
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Capillary. A minute tube « SO, nni.-rUu.ar wall thro,,,., which Hiffnaion takes 
flare, Forms a network between nr tones and ve.ns. 

Carapace. A bard, dorsal shield covering body as in crayfish or torlo.se 
Cardiac. Belonging to the heart. 

Carnivorous Feeding on ilesh or on other nnin.uls 
Carpus. W rist. 

Castration. Removal or destruction of the gonads, especially the testes. 

CauboUrm. Destructive meats hsn. The break,,,, down of complex substances m 
protoplasm. , , . 

Caudal Pertaining to the tail. Referring to the posterior end of the body. 

Cavcrniculous- Inhabiting cave*. 

Cell, structural unit of body. A hi. of protoplast., «.th U » u ^"- 

Centra, nervous systrm. The part of nervous sy.tern .h.d ^^n of gangha or 
and send- out efferent one# and comprises paired or cnain o. B b 

brain and spinal cord. 

Centriole Centrosome A granule in the rentre of the aster during m.tosis. 
Centrolecithal An ovum with the yolk massed in the centre 

Centrosome. A . I. ... near tl.o nuclens surrounding the centr.ole. ... a cell. 

Centrum The body **f vertebra. 

Cephalic Pertaining «o he. d. Referring to the anterior region. 

Cepl.alotV.orax Division of body will, the head and thorax combined. 

C*TCor'o A irenuitode l* | rvn. 

Cerebellum \m* »’..r |..ut ..l ihe hind brain. 

Cerebrum. •> * ri . r part «»r lore brain. 

Cervical IN'* • »• •• I. I 

Ch Kero • 1 '...imr appendage* of an Arachnid. 

Chili... A ..on pr.'i. , » . .Trial tb .1 • - r en ted in the cxo*keleton of urlhropod*. 

^eaoocylc* ' f '• d and li H .tod .ells lining the - annlt of sponges. 

Chondrin I d -a* iei.rtib.fc-. 

Chandra. - .. of eh.-mol.runch fish and of the e.nbryon 


Choi: 1 aia 

Chorion. 

an 'i,** • 

Choroid 
C in out • n. '1 
fill ■.(Iblfdp'.ufT 

C h 1 


, . hard m smile lime during life. 

.... -.1. •: - 1. ..I iu«- egg of a terrestrial vertebrutc or of 

• tiM ill-. 1 e.*at of eye of u verlebrat?. 
v l ! Mu||te hi I he lim leus of a cell. 


.. . ••• I 

• .-i; 1 I - -II 

• * » I \ 


: . hi Mua'in in the nucleus. Bear the gem-s 


C h>l. 

Chyme. 

Cilium- « n. * 

Cirrus. 1 1 * 1 . < • 

Cleavage. 

Clima The sum 

the life anil ho r •• 


•- . 1. .il...i hi il.e im. -Ui.e by the Ixmphulie vessels. 

•« l«H . >•*'!. I 1 he *i«*iiiii.Ti into Ihe duodemim. 

. jin *. a eel*. 

. >i :I. ,\i* ••• s«| | -•iiil.iy. 

• L. / y !-• .ii-l the result ing enrly bh'Ston.crcs. 

.1 t*i. .••in 0 1«* mid gengraphieul fuetora that make 

i.o.il }.o-:dl»le. 


the life anti lir. «*». • • » i<*».»i 

Climax community. < "» *-'.in..ib that have be. nine permanently estubliehf 


in an area. 
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Cnidoblast A cell of a Coelenternte that develops a nematoeyst. 

Coccyx. The vestigial caudal portion of the vertebral column in man and apes. 

Cocoon. Protective case of silk or other material for egg, larva, pupa or adult. 

Coelom. Body cavity formed by the splitting of the mesoderm and lined by 
peritoneum. _ J 

Colony Group of individuals of the same species that live attached together. 

Commesalism. Association of different species, by which one is benefited and others 
not harmed. 

Commissure. Xervo fibres that connect nerve centres on either side of the median 
line. 

Community. A group of aniinul* that live together and arc related by environment. 

Conditioned reflex. A habitual response different from that elicited by an original 
stimulus. 


Conjugation. Temporary union of two Proto/.oa for exchange of material in 
reproduction. 

Connective. Nerve fibres that connect centres on the sumo aide of the body. 

Contractile vacuole. A liquid-filled space in u Protozoa (lint alternately tills and 
empties. 

Convergence. Resemblance of unrelated animal* because of similar habits of life. 
Coordination- The integration of activities. 

Copulation. Sexual union for the passage of the *|M»rm Irom I lie male into the female. 
Corium- Dermis beneath the epidermis of the skin. 

Cornea. The outer transparent coat of the eye. 

Corpus luteum- The colls that replace the discharged follicle* in I lie ovary of iiiiiiiiiiihIh 
and that have an endocrine function. 

Coupling The association together in linkage of the two dominant or of the two 
recessive characters determined by different pairs of genes 

Cranial. Pertaining to tho brain. 

Cretin. Mentally and physically deficient, duo to lack of the thyroid hariiiono. 

Crop. Thin-walled expansion ol the digestive tract for storage of foml. 

Crossing over. Transfer of genes from one chromosome to another during synapsis. 
Ctenidium. (PI. ctenidin) The gill «f Mollusc... 

Cutaneous Pertaining to the skin. 

Cuticle. Non-collulur external covering. 

Cyst- Resistant protective covering round a cell or u Protozoan during unfavourable 
weather or during reproduction. 

Cysticercus- A tapeworm larva consisting of an inverted scolox in a an e. 

Cytoplasm. Part of coll outside the nucleus but within the roll wall 
Cytostome. OH mouth. 


D 


Degeneration. Simplification of structure and loss of function. 

Dendrite. Process of a nouron that conducts impulse* to the cell body . 
Deuteroplasm. Yolk of tho ovum us distinct from nucleus and cytoplasm. 
Dentine The hard part of tooth underneath tho enamel. 

Dermis. Deeper part of the *kin. 

Dextral. Referring to a Gastropod inolluscun shell spirally coiled to the right. 
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Diaphragm Muscular partition between thoracic and abdominal cavities in mammals.^ 
Diencephalon. The second part of the brain of vertebrates comprising the optic tracts. 

thulium, pineal and pi tut ary. Thulmnencophalon. 

Digestion The process by which food is rendered fit for nbsorbtion and assimilation. 
Digitigrade. Walking on the toes. 

Dihybrid. The offspring of parents differing in two characters. 

Dimorphism. The existence of un animal in two forms. 

Dioecious With the male and female reproductive organs in separate individuals 
Diploblastic With two germinal layers : ectoderm and endoderm 
Diploid. Somatic number of chromosomes double that of the mature germ cell. 
Discoidal cleavage. The cleavage in a polar differentiated telolecithnl ovum in which 
the blast umcres form a disc at the animal pole. 

Distal. Away from the point of origin. 

Diurnal- Pertaining to the day t ime. 

Divergence. Appearance of different characters in related animals under difierent 
conditions. 

Domestication. The taming of wild animals by man, with consequent changes in their 
environment and habit. 

Dominant character. A character inherited from one parent that manifests itself to 
the exclusion of u contras tori character from another parent. 

Dorsal. Referring to the buck surface. 

Duct A tube for the passage of a liquid or other metabolic product. 

Ductless gland. A gland that manufactures an endocrine secretion or hormone end 
pours it directly into the blood. , 

Duodenum. The first part of the intestine of vertebrates. 

E 

Ecdysis Moulting. Shedding of the cuticle in an Arthropod nml of the scales in 
snakes and lizards. 

Ecological valence. The nm| 'iiude of the factors influencing life, within which lies 
tin* rapacity of an organism to exi<t. 

Ecology. Study of animals in their inter-relation to their environment. 

Ectoderm. The outer cerminal layer of an embryo. 

Ectoparasite. A parasite that lives externally on the host. 

Ectoplasm. The supei liriiil pari of the eytoplusin in Protozoa. 

Efferent. A blood vessel or nerve that leads nwny from a part. 

Effector. A structure that transforms motor impulses into motor notion. 

Egest. To di'olmrgo undigested olid unuhsnrbed fond from the nlimontury canal. 
Embryo. A young niiim.il bofore halt hing or before birth. 

Embryonic membranes. Cellular membranes like ninnion, chorion, yolk sac and 
allantois that envelope tie* oinhtyo and subserve its metabolism. 

Emulsion A mixtuie •>! two liquids in which one is in a state of minute droplets 
s iif. pended in the other. 

Enamel. The dense white covering of scales of eartilngenous fish and of tenth. 

Encyst. To become enclosed in a cyst. 

Encystment. The foimolion of a hard resisting covering about an animal. 

Endocrine. Ductless gland. Also secretions of such. 

Endoderm. The inner germinal layer of c ells that line tho arehentcron in the early 
embryo. Appears m the goal ruin stage. 
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■* Endomixis. Reorganization of the nuclear material in protozoa. 

Endoparasite. A parasite that lives within the host. 

Endoplasm. The deeper portion of the cytoplasm in Protozoa. 

Endoskeleton. Internal supporting framework of the body. 

Endostyle. A ciliated groove on the ventral wall of pharynx in sea squirts and 
umphioxus that is the hoinologue of the thyroid gland. 

Enteron Digestive ruvity, especially tbo part that is lined by endoderrn. 

Environment. The surntotul of the externul conditions that surround an organism. 

Enzyme. A ferment or catalyst produced by living cells that in minute quantities 
bring about specific chemical transformation but that is not itself used up in 
the process. 

Epiboly. Growth of fold of blastoderm over the embryo forming an archentcron 
in between 


Epidermis. A layer of cells that cover the external surface. 

Epididymus The efferent tubules of testes. 

Epiglottis. Tho cartilugenoua piece that guards the glottis opening and prevent* 
the food from entering it when swallowing. 

Epiphysis Tho end of a hone that ossifies separately. Dorsal outgrowth of tho 
(licnccphalon of tin- brain of vertebrutos— the pineal body. 

Epithelium. A layer of cells that lines a surface or a cavity. 

Epizoic. Living upon the surface of another animal us opposed to the ento/.oic. 
Erepsin. Protein splitting enzyme produced in the intestine. 

Erythrocyte Red blood cell or red corpuscle of the vertebrate blood. 

Eugenics. Improvement of tho human race by improved sexual relations based 
on laws of heredity. 

Eustachian tube. Tho tubular passage that connects the pharynx and tho middle 
ear in terrestrial vertebrates. 


Evagination. An out pocketing from a hollow structure. 

EvolutioD. Uwiiit will, modification. Tho pr»o« of pnfiniivo inoronKo i„ 
oomploxily of.truclur.nnd function lUt rc.lt. in tho fornmlion or complex 
forms froui simpler ones. 

Excretion. Waste products of metabolism. The process of elimination of metabolic 


wastes. 


Exoskeleton Tlui external supporting covering. 

Eye spot. Pigmont containing mass of cells capable of perceiving light hut mcapahlo 
of vision. 


F 


F F* etc Abbreviations for first filial, second filial, etc., indicating the successive 
’ generations that follow a crossbreeding. 

Faeces Excrement. Undigested residues of the food expelled from the digestive 
tract. 

Fallopian tube. The oviduct of mammals. 

Fauna. Tho animal life of a region or time. 

Fertilization Tho union of aporm and ovum, especially their nuclei, that initiates 
embryonic development. 

Fibrin. The fibrous part of the blood clot. 

Fin. An extension of tho body of an aquatic animal uaod in locomotion. 

Fission. Division into two or more parts in asaexual reproduction. 

Flagellum. A threadlike vibrating process. 
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Flame cell- Terminal excretory cell of certain invertebrates that contains beating * 
cilia, giving a flickering appearance. 

Foetus. The later stago of an embryo that develops within the uterus. 

Food. Substance that provides building material and energy for an animal. 

Food vacuole. An intracellular digestive organelle. A space in a cell filled with foo 
particles. 

Foramen. (PI. Foramina). A perforation through a bone or a membrane. 

Fossil- Relic of organisms that existed in the geological age other than the present. 
Fossorial Adopted for digging. 

Function- Acti\ity of an organ or an nniiunl. 


G 

Gamete. Maturo reproductive cell, either female or male. 

Gamctogene.it. Maturation of the primordial germ cello by reduction division. 
Formation of the gametes by reduction division. 

Ganglion. (PI. Ganglia). A croup of nerve coll-bod.es acting as centre of nerve 
function. 

Gastrovascular. Serving both digestive and circulatory functions. 

Gastrula. An embryo with the primary digestive tract or archcnteron. An inverte. 

blast ula with ectoderm and cndoilerin. 

Gemmation Reproduction by budding as in Hydra. 

Gemmule. An internal bud of a fresh water sponge, enclosed in a cyst and capable 
of tiding over unfavourable conditions. 

Genes. Factors or hereditary determiners. Units of inheritance. 

Genital. Relcrring to reproductive organs and function. 

Genotype. The gonetic constitution without roferonce to its external appearance. 

Germ Cell. Reproductive cell. 

Germinal variations. Variations duo to perm colls. 

Germ layer. One of the primary membrane* (two or three) of an embryo, out of which 
all the organs develop : ccf incso and ©ndodenn. 

Germ plasm. Gametes and the cells and tissues taken together. 

Gestation. The period of c irrying the foetus within the uterus. 

Gill. Orgnn for aquatic rcspir.it ion. 

Gill slits, 'l’he paired openings that appear in the pharynx during dcvcloj rr ent of 
Chordotes and along the rides ol uhieli gills develop in the aquatic Chordates. 

Gizzard. Heavily musculaii/.ed part of the alimentary canal 
Gland. An organ of secretion or excretion. 

Glochidium- Tho larva of a fresh-water mussel. 

Glomerulus. A knot of blood capillaries in a renal capsule of tho kidnoy. 

Glottis. The slit. like opening of tho pharynx into the larynx. 

Glycogen A polysacharid carbohydrate stored in the liver and muscles. Animal 
starch. 

Gonad Reproductive organ : ovary or testis. 

Gregarious. Habitually living in herds, fl«..-ks or groups. 

Gustatory. Relating to the sense of taste. 

Gynandromorph- An individual of a dioecious animal, male in ono part and female in 
another part of tho body. 
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Habit. A form of behaviour of animal acquired as a result of repeated action. 
Habitat. The natural dwelling place of an animal. 

Haemal. Referring to blood and blood- vascular system. 

Hamocoel Reduced coelom that also functions ns part o I the blood.veasular system. 
Haemoglobin. The red colouring matter ~n compound of protein and iron- found in 
blood and capable of combining w ith oxygen and again readily porting w ith it. 
Haemolysis Dissolution of the erythrocytes 

Halteres. The knob-liko balancers in Diptcru that represent the vestigial hind wings. 
Haploid. Halved chromosomes us in the gametes. 

Haversian canal The canal in a bone that contains blood vessels. 

Head The anterior part of the body containing the nioiitli, the dominant purls of the 
nervous system and the chief organs of s|>criul sense. 

Hepatic portal system. Veins that leave the digest ivo tract first to enter the liver 
sinusoids in a vertebrate. 

Herbivorus. Feeding chiefly on vegetable mutter. Also called phytophagous. 
Heredity. Transmission ef characters from parent tu offspring. 

Hermaphrodite. An animal with both female and male reproductive organs in the 
sumo individual. 

Heterozygote. An individual that results by the union of germ cells with unlike genes 
for u character. 

Hibernate. Passing w inter in a torpid state. 

Holoblattic Total segmentation of ovum. 

Holophytic nutrition. Photosynthotic mode of nutrition. 

Holozoic nutrition. Nutrition typical of animals, requiring complex organic com- 
pounds. 

Homology. St ructurul similarity due to common origin 

Homozygote An individual that results by the union of germ cells with like genes for 
u character. 

Hormone. A secretion of un endocrine gland that serves as a chemical regulator or 
coordinator. 

Host. The animal that harbours another us a parasite. 

Hybrid. A beterozygoto. An offspring of two parents that differ in 0110 or moro 
mheritublo characters. 

Hypermetamorphosis. Metamorphosis in insects involving more than ono kind of 
larval stage. 

Hyperparasite. A parasite on another parasite. 

Hypertrophy. Abnormal increase in size of u part. 


Ileum. The last part of the small intestine in vertebrates. 

Ilium. The dorsal bone of the pelvis. 

Imago Adult of insects. 

Immunity. Absence of susceptibility to a disease or 11 parasite. 

Inbreed. To mute related animals. 

Incus. The anvil bone of the auditory ossicles in tho middle oar. 

Ingest. To take food into the digestivo tract. 

Inheritance. The sumtotal of characters transmitted from parent to offspring. 
Instar. Tho period between eedyses in insects. 
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Instinct- An inherited notion or habit that is invoked by certain stimuli. 

Insulin. The Imrmoue produced in tho islets in pnncrcas and regulating sugar 
metabolism. 

Intelligence. Action modified by previous experience. Ability to loarn by previous 
experience. 

Intercellular. In between the cells. 

Intestine. The part of the alimentary canal between tho stomach and anus. 
Intracellular. Within the cell. 

Invagination- Folding-in or tucking in to produce a cavity. 

Invertebrate. Non-Chordntes and Chordates that luck a vortobral column. 

Irritability. The ability to respond to external stimuli. One of the uniquo characters 
of life. 

Isolecithal. An egg in which the yolk is not abundant and nearly uniformly distribut- 
ed throughout. 

J 

Jejunum. The second part of the small intestine of mammal. 

Joint Place of union of two bones or other hard plates. 

K 

Karyoiiinesis. .Mitosis. 

Karyosome. Nucloolus composed of chromatin. 

Keratin. Nitrogenous constituent of horn, nail, hair, feather and scales. 

Kidney. Organ of excretion and elimination in vertebrates. 

L 

Labium. Til© posterior boundary of mouth— lower lip. 

Labrum. The unterior boundary of mouth — upper lip. 

Labial. Pertaining to lip. 

Lachrymal. Pertaining to tears. 

Lacteal. Lymphatic vessel Iroin the small intestine. Pertaining to milk. 

Larva. 1 ho early and usually the active feeding stage that comes after tho oinbroy 
and that is unlike tho adult. 

Larynx. The enlarged anterior part of trachea in vertebrates that contains tho vocal 
cords. 

Lcbensgemeinschaft Biocouesis. 

Lebensraum. Biosphere. Tho total space of the earth filled up by living beings. 

Leptotene An early stage in the prophasc of tnciosis in which the chromosomes 
lirst appear as long thin threads. 

Leucocytes. Colourless blood corpuscle. 

Ligament. Fibrous connective tissue that binds structures other than muscles. 

Lingual. Pertaining to the tongue. 

Linin. The reticulum in the nucleus that contains the chromnt in granules. 

Linkage Inheritance of characters in groups, becauso of their genes being located 
in tho same chromosomes. b b 

Lipase. Enzyme that splits futs. 

Lumen Cavity of an organ. 

Lymph. Colourless fluid that occurs in lymph vessels and in among the tissues. 


GLOSSARY 


753 


* ^ 

Macrogamete. Egg cell. Female «o X cell 

„f Cilialu U..C 


in concerned with V ege. 


A P '" tC *'" di "S - ‘"o -or voDculcr of tvili ,„ 

M.H.us. One of lhe auditory owlcle, , modified quadra.,. 

M, , f ‘r; jaW 0f “ vorteb '“«*- «f an Ar.hropod. 

Maotle. A fold o. the dorsal part of the body wall of tr.ii,, .1 . 

Marin, Animal, .hat inhabit «u, ocean or other .alt water. ° 

Marsupium. External poueh in tho Me.aeheri, for carrying the young. 

Matr.x. Intorcelloloraubatance in cartilage and bone 

i r^z.;' — s 80 i "“ t ««£ MfSriazss; X 

"“‘"la. ° f V8r, ° br *'**- <"“*W appendage, behind th, mandible in 

Medulla oblongata. Posterior part of brain. 

Medullated nerve. Nerve fibre that posse**.,* n fatty sheath. 

Medusa. Jellyfish, a f roe-swimming sexual individual of Coclant -rata. 
w Meiosis Sn mo an maturation. 

Memory. Porai.toneo of ,om. mmlifiention in a nerve cell resulting from i„ .etivity. 
ivien:n ? es. Membranous covering of the bruin and spinal cord. 

Meroblastic Incomplete cleavage of zygote, especially that is rich in yolk. 
Mesencephalon. Tho midbrain of vertebrates. 

Ma,e "c»,e”diy.'' l,,M ° f moao,lormni ec,la ""' l «ive rise to th* connective tissues 

M ® * * w iU ^p. Ht on oVi rn *° ^ S " ,po, " ,s or W l " a « n »>o«ly cavity and is contiuiioiis 

Mesoderm. Tho middle germinal layer formed between the eet.Mlerm and endoderm. 

Mesogloea The gelatinous material between ectoderm and endoderm in diploid., Stic 
animals like tile jellyfishes 

Mesonephros The kidney of lower Chorda fc* and Vertebrate*. 

Metabolism. Tho sumtotni uf the vital activities of constructive and destructive 
changes in an animal. 

Metagenesis Alternation of ecxuul and asexual generations in the life-cycle of an 
animal. 


Metamere- One of the series of homologous parts of an animal us in the Annelid or 
Arthropod. 

Metamerism. Segmental repetition oi homologous part*. 

Metamorphosis, The scries of changes of form an from lurva to adult alter the 
embryonic development. 

Metanephros. Tho kidney of higher vertebrates 

Metaphase Tho phase in mitosis characterized by the splitting of the chromosomes 
aligned on the equator of the spindle. 

Metazoa Multicellular animals in which the cells are arranged in tissues. 
Metencephalon The fourth region of the brain comprising the cerebellum and pons. 
Microgamete- Mule sex cell or sperm cell. 
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Micron <H. Mura,. Lui. of micrescopie measurement. One-thousundth of a ».lh- 
metre, ropresonted by the Greek letter/x ... 

MicronucUu. The smaller of the two nuclei in Cilia, a that u .h.elly concerned 
reproduction. 

Micropyle. The minute opening in the egg for the entry of .perm 
Mimicry. Resemblance of a Wmle* and otherwise defenceless annual to another 
harmful or otherwise protected unimul. 

Miracidium. The fir*t larva of flukes. . » n 

*• 

equal sets going ir.to two new nuclei 

Molar. The posterior permanent teeth usually serving as grinders ,n u mammal. 
Monoecious. Hermaphrodite. 

logo, her of oevera, partial image, into a co„, P h,,a on. 
in the compound eye ol un Arthropod. 

Moult. To oust olT the cuticle, scales, feathers or fur. 

Mucous. Secreting mucus or slimy and sticky substances. 

Mutation. Discontinuous variation. Abrupt variation that is inherited. 

Mutualism. Mutually beneficial interspecific association. 

Myotome. A muscle segment. 

N 

Nacreous layer. The inner motl...r.of.p™rl layer of molluacim .hell. 

Nnris . M. Nores). The opening of the air pa—Fe in .He head ol . 

Natural selection. Tin. elimination of the lesa Ut >» »'» 

, ' . ° « .. suit of unfavourable cnv.ronmc.l 

Nauplius The lirst larva of many Crustacea. 

Nekton Pelagic animals independent of currents and waves. 

;::;r - «. - -*-r~ 

Nfnhridium K.xcret. .?v tubule of Anneli.ls. Moll.ises iiu.l some ArtbropoUs. 
Nephrostome. The ediutud funnc|.sl.u,>ed entrant from eoolom into the uep 

Nerve'. ' '.' bundle ..I luted nerve lll.rea outside tbe bruin and spinal eord 

Neuron. Nerve eell with prot»pla«nii- extension., like axon and dendroil >« 
impulses. 

Nocturnal. An animal that is active at night and rests during tbe day. 

Notochord. An elastic axial rod-like internal skeletal support von ra o 

eord in il.« embryo of all chordal**. It is surrounded by xerteb.ao 
vertebrates 

Nucleolus The well defined part of nucleus. , . a,- 

Nucleus. A specialized ami usually central part t»f cytoplasm that con 
metabolism of tbe cell. Present in all cells except Bacteria. 

Nymph. The immature sta-e of an insect with ineoinplete metamorphosis. 

O 


Ocellus. Simple eye ol an Arthropod. 
Ocular. Pertaining to the eye. 
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°7 0 f" SU, „ The P “ rt ° f Pharynx Mo.n.oh 

Olfactory. Pertaining to the tense of smell. 

Ommatidium. The visual unit in a compound eye. 

Omnivorous. Feeding on nil kinds of food. 

Ontogeny. Development of the individual. 

Oocyte Egg cell in maturation 

Oogenesis. Development of the oocyte from the primordial germ cell. 

Oosperm. Zygote. 

0P ' r mi U p“bU rh ° f ° ld ° f “ ki " " r th “‘ *'*• Cill. i-. bony n.h«. iirnj in 

Ophthalmic. Pertaining to iho ••ye. 

Opisthocoelous. Vertebra that has the centrum concave Isl.ind. 

Optic Referring to the sense of sight. 

Orel Pertaining to the mouth 

Organ. A group of colls or tissues that servo us a separate funvtion.il unit. 

Organelle. Specialized part of a Proto/.oau that performs a special function. 

Oimosis Diffusion through a s .-mi permeable membrane. 

Osphrodium. < hcinoreceptor sensory organs of some Molliiscu. 

Ossicle. A small bone. 

Ostium. (PI. Ostia). Opening into u pismgo generally gu irded by valves. 

Otic. Pertaining to the ear. 

Otolith. Concretion ofealeium salts in the inner ear of vertebrates. 

Ovary. The organ that product's the egg cells. 

Oviduct. The tube for the passugo of the ova. 


P 

Pallium. The mantle of Mollusea. 

Palpus. An appendage of uu Arthropod bearing tactile und gmtalorv scnsorics. 

Parasite. An aiiiui'd that lives in or on another (host) mid at the expense of the 
hitter, giving nothing m return. 

Parthenogenesis. Development from an unfertilized ovuui. 

Pathogenic. Productive of dis -ase. 

Pectoral. The region of the body boning the forclimhs. 

Pedogenesis. Sexual reproduction by iiiimutiire animals. 

Pedipalp. Second pair of appendages of Araehnid.i. 

Pelagic- Referring to the open ecu. 

Pelvic. The region of the body bearing the hiiicilimbs 
Penis. Copulatory organ of male. 

Pentadactyl- Having live digits. 

Pepsin. An enzyme of the gastrin juice capable of changing proteins into peptones 
Pericardium The membrane (and also the cavity) enclosing the heart. 

Periostracum. The outer horny layer of a .Molluscati shell. 

Peristalsis. Rhythmic contractions of u hollow muscular organ. 

Peritoneum The serous membrane (of tnesodoruiul origin) that lines the body cavity 
and covers various organs 

Phagocyte A white corpuscle that engulfs and destroys foreign material 

Pharynx. The part of the alimentary canal between the buccal cavity and oesophagus. 



756 INTRODUCTION TO ZOOLOGY 


Phenotyps. An animal considered as a complex of visiblo characters without regard 
to the go no tic constitution. 

Phylegeny. The evolutionary history of an animal. Development of the race. 

Pia mater. The connective tissue membrane that closely adheres to and covers brain 
and spinal cord. ' 

Pineal body. Dorsal outgrowth of the dienccphulon in vertebrates. It is n vestigial 
median eye that was functional in ancient extinct primitive vertebratos. It has 
now an endocrine function. 

Pinna- The lobe of the external ear. 

Pituitary body. Ventral outgrowth of the dicnoophalon in vertebrates with which 
joins a dorsal outgrowth of the roof of the buccal cavity. It has an endocrine 
function and secretes a hormone called piltiilerin. 

Placenta. The organ by which the embryo of higher mammals is attached to the wall 
of tho uterus of the mother, formed partly of the chorion and partly of uterine 
wall, and through which diffusible substances pass from the mother to tho foetus 
and vice versa. 

Plankton- Small and weak pelagic fauna that move passively at tho mercy of currents. 

Plantigrade. Walking on the sole of tho foot ns in bear and man. 

Plasma Tho liquid part of blood. 

Plasmosome. A nucleolus not composed of chromatin. 

Pleural cavity. The part of coelom in mammals that contains the lungs. 

Plexus. A network of nerves. 

Polar body. A nonfunctional sinu 1 1 cell from the maturation division of an oocyte. 

Polyandry. 1 ho mating of one female with many males. 

Polyembryony. The development of several embryos from one zygote. 

Polygamous. The mating of one male with several females. 

Polymorphism. The existence of more than one form of the same speeios of animal. 

Polyp. An attached Coclentcratc. 

Population. Tho total number of species living in any given connected part of 
the biosphere. 

Portal system. A capillary system interposed in tho course of a vein. 

Posterior. Behind. Away from the head. 

Prccocial. Birds, the young of which have down and are active when hatched. 

Predaceous Preying on other animals. 

Prehensile. Adapted for grasping. 

Prococlous. \ ertchrn with the anterior end of centrum connive. 

Proctodeum The eetudorm. lined terminal part of the ulimentary canal. 

Proglottid. Segment of a tapeworm. 

Pronephros. Primitive kidney of the Vertebrates, functional only in the hagfish. 

Pronucleus. The nucleus of a gamete, containing I lie haploid number of chromosomes. 


Prophase Parly period of mitosis up to the aligning of the chromosomes in tho 
equator ol the spindle. 

Prostomium. A dorsal lobe overhanging the mouth in an Annelid. 


Protandrous- Bi polling of the testes before the ovaries in a hermaphrodite. 

Protoplasm. The complex colloidal physicochemical system that exhibits tho pro- 
perties of hie. Physical basis of life. 


Proventriculus- A 

t ho gizzard. 


glandular enlargement of the alimentary canal in front of 


Proximal. Near the place of attachment in contrast to diatal. 
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^Pseudopodium. The flowing extensions of the protoplasm in nmoeba that serve for 
locomotion and for iugulfing food. 

Pulmonary. Pertaining to lungs. 

Pupa. Resting stogc between larva and udult insect. 

R 

Radial symmetry. Similar parts arranged around a common rent nd axis u« in hydra 
or startish. 

Radula. The rasping apparatus, ribbon-shaped and armed with chitinouu teeth, 
of many Mollusca, like snails. 

Recapitulation theory. Biogenetic law. 

Recent. The present geological epoch. 

Receptor. A free nerve ending or u sense organ that receives sensory impulse*. 

Recessive character. The character from ono parent that remains undeveloped in the 
offspring when associated with the corresponding dominant eharaclor from the 
other parent. 

Rectum. The terminal part of tho alimentary canal. 

Redia. Larval stage of flukes pushed in u snail. 

Reduction div : sion Tho division of tho germ cells by which the diploid number of 
chromosomes is red need to tho haploid during ganiotogon«*#is. 

Reflex ore. A chain of rellh, in the simplest case three neurons involved in u 
reflux action. 

Reflex action. Action that results from tho reflection of an afferent sensory nerve 
impulse as an efferent motor impulse independent of tho higher nervo centres. 

eneration. Regrowth of parts lost through mutilation, 
cnal. Pertaining to tho kidney. 

Reproduction. The production of a new organism by on older ono. 

Respiration Tho exchange of oxygen and carbon dioxide in a living organism. 

Retina. The innermost cellular layer of the eye containing light receptors. 
Retrogressive metamorphosis Metamorphosis in the eotirao of which an animal goes 
backward to a condition characterizing animals lower in scale of organization. 
Reversion. Tho reappearance of an anecatrul character that has been in abeyance. 
Rostrum. Tho projecting snout or beak on tho head. 

Ruminant. Herbivorous mammal like the cow that chews the cud. 

S 

Sacrum. The part of the vorlobrul column that articulates with tho pelvic girdle. 
Sagittal Pertaining to the median anteroposterior plane in a bilaterally symmetrical 
animal. 

Saprophyte. An organism that feeds on decaying or dead organic matter. 

Sarcode. Tho name given to protoplasm by Du Jurdine. 

Scansorial. Adapted for climbing. 

Schlutsverein- Climax community. 

Scolex. Tho attached end of tapeworm. 

Scyphistoma. Attached polyp-liko stage of Seyphozon. 

Secondary sexual characters. The characters that distinguish tho two sexes but do not 
function directly in reproduction. 

Secretion. A useful substance produced by a cell or by u gland. Tho process of 
production of such a substance. 

Sedentary. Remaining in ono place. Animule that luek tho power of locomotion. 
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Sedimentary. Rocks formed by sedimentation in water, that often contain fossils. 
Segment. A part that is marked off from tho rest. 

Segregation. Separation of paired penes during maturation, resulting in the perm 
transmitting only one gene. 

Seminal receptacle. Sac in female for storing sperm received in coitus. 

Seminal vesicle. Sac in male for storing sperm prior to coitus. 

Septum. Partition between two cavities. 

Serum. The plasma of blood that contains no cells or fibrin and that oozes out from 
a blood clot. 

Sessile. Incapable of free locomotion. Sedentary. 

Seta. A bristle. 

Sex chromosomes. The special chromosome* that determine the sex of an animal. 
Sex-linked character. A character, the gene of which is located in tho sox chromo- 
some. 

Sinistral Referring to a gastropod molluscan shell spirally coiled to the left. 

Sinus. An enlarged blood space. A cavity in a bone. 

Skeleton. Tho hard frame- work of the body. 

Solitary An animal that lives alone and not in colonies. 

Species. A distinct kind of animal. 

Sperm. Spermatozoa. The mature male reproductive cells. 

Sphincter Muscle that surrounds an opening, which it closes by contraction. 

Spicule. Minute cryatal-likc calcareous or siliceous particles embedded in the tissues 
of an animal and serving to stiffen tho part. 

Spindle Part of coll during mitosis that lies between the controsomo and having tho 
appearance of fibres. 

Spiracle. Tho ex tor nu I opening of t ho trachoal system of insects. Tho modified first 
gill-slit of a cnrtilogcuous fish. 

Spireme Throad of chromatin in the early prophusc, breaking subsequently into 
chromosomes. 

Spontaneous generation A biogenesis. 

Spore. A reproductive cell enclosed in a resistant covering. 

Sporocyst. A suc-like larva of fluke iu a snail. 

Stntoc) * t . Organ of equilibrium and orientation. 

Stimulus. An environmental change capable of influencing the activity of an animal- 
Stomodncum Tho ectoderm-lined anterior part of the digestive tract. 

Stratified Arranged in layers. 

Strobila. Individuals produced by longitudinal budding us in Seyphozoa or Costoda. 
Strobilation Longitudinal budding. 

Succession. The successive occupation of a given urea by different types of animuls. 
Superficial cleavage. Segmentation leading to a layer of blastomercs surrounding u 
central yolk. 

Symbiosis The mutually beneficial interspecific association of animals. 

Symphysis. The union of two parts. 

Synapse. The contact of one nerve cell with another. 

Syncytium. A layer of protoplasm containing inuiiy nuclei not separated by cell 
walls 

Syrinx. The vocal organ in bird. 

Systemic The part of the blood vuscular system that is not directly involved in 
respiration. 
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Tactile. The sense of touch. 

br " ,n " m,prWB * " lp oir —>- w- 


nnd cerebral 


Telolecithal. Ovum with yolk concentrate*! at one pole. 

Tel ° P ™rorm, T " e ,n '° P,m9e in mi '° Si8 in Whieh " ,e P ro, ‘'P'"“"- ‘"divi.lod „,„l 


Tendon. The connective tissue that attaches muscle. 

Tentacle. Flexible appendage usually surrounding the mouth 
Testis. (PI. Testes) The male gonad. 

Tetrapod. A vertebrate with four limbs. 

Thorax. The part of the body behind the head. 

Tissue. A group of colls with the same structure nnd function. 

Tornaria- A ciliated larva of bahmoglossus. 

Trachea Air tube of insects. The wind pipe of terrestrial vertebrates. 

Trichocyst Stinging apparatus of Paramecium. 

Triploblastic. derived from three germinal-layers ectoderm, endodertn and mesoderm. 

Trochophore A pear-shaped larva, with all equatorial hand of cilia, found in Annelida 
and .Mollusca. 


Tropism. Tho tendency of an animal to turn to or away from a stimulus. 

Trypsin- A pancreatic enzyme capable of changing proteins into amino acids. 
Tympanum. Eardrum. 

Typhlosole. A longitudinal fold of the wall projecting into tho cavity of intestiuo as in 
the earthworm. 


U 

Umbilical cord. Tho cord that connects the foetus with the mother and that contains 
blood vessels. 

Umbo. Tho oldest part of tho shell of a bivalve Mollusc. 

Ungulate. Hoofed animal like the cow or horse. 

Unguligrade. Walking on hoofs. 

Ureter. Tho duet that carries tho urine from tho kidney to the urinary bladder. 
Urethra. Tho duct that i-arrics tho uriuo from the bladder to the outside. 

Uterus. Tho enlarged posterior part of the oviduct in which tho eggs undergo 

development. 

V 

Vacuole. A liquid filled spaco in protoplasm. 

Vagina Tho terminal part of tho roprodueti vo tract in a female for tho reception of 
— — Tlio copulatory organ of tho male. 

Vas deferens- Tho duet from tho testis to tho outside. 

Vas efferens. Tho tubule botwoen vos doferens and testis. 

Vein. A vossol that carries the blood toward tho heart. 

Veliger. A ciliatod larva of Mollusca. 

Ventral. The lower sido in contrast to tho dorsal. 

Ventricle. A chamber of tho hourt or of the brain. 

Vermiform appendix. Tho vostigial caocum in primates. 

Vertebra. The segmental skolotul unit of the backbone. 
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Vestigial. A degenerate organ that wne formerly fully functional. 
Viscera. The organs within the thorax nnd abdomen. 

Visceral skeleton. The frame-work of the jaws and gills in vertebrates. 
Vitamin Accessory food factor that is essential for natural function. 
Volant. Capable of flying. 

X 

X-chromosome- Paired or unpaired sex determining chromosome. 

Y 

Y-chromosome. Unpaired sex determining chromosome. 

Yolk. Nutritive reserve in egg. 

Z 

Zooid. A sexually produced individual in a colony. 

Zygote. The fertilized ovum. 
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Synonyms arc print*-.! in italic s, 


A 

nurd vnrk, SflO, oi»3 
nard wolf, J-i 3 
a ha lone, 323 
abductor, 127 
a biogenesis. 13, 14 
absorption, 07 
abyssal, 072 
Acant bias, 4.77 
Avan t hobdelln, 301 
Aeant hobdollidu, 30! 
Aeimthoeepbnla. 20 
Acerjitherium, 67/2 
Acheron i in, 300 
Aohoria, .74 I 
AehuroteB, 357 
Avionyx jubotus, 503 
Aaipensor, 405 
Acmneu, 323 

ae<|U ired eharaetor, 700, 723 
Acrania. 30, 438, 430 
Actinosphaorium, 180 
Aclinopodn, IhO 
Actii aria, 221 
adaptal ion, 1 0, 07 I 
amphibious, 077 
uqnatic, 077 
convergence, 074 . 675 
non-visual, 078, OHO 
parasitic, 078 
protective. 078 
radiation, 676' 
terrestrial, 077 
visual, 078 
adductor, 127 
Aod. s aegypti, 415 
adjustor, 130 
adrenal. !45 
adrenalin, 145 
A col is, 323 
Aepyornis, 5'l0 
Aepyornitbi formes, 500 
aestivation, 57 
ActobattiH, 467 
Aglypba. 487 
Agnnthu, 1 1, 455 
akasb liri'ib, I 4 
albatross, 500 m 

Alcyonaria, 221 
Alcyonium, 221 
alimentary canal, 07, 00 
alimentary system, 05, 07 

ulipshenoid, 010 
allantois, 526 


Italicized minders indicate pages uith figmi* 

allelomorph, 7(»3 
alligator, 4SI, 405 
Allot herja, 54!, 571 
Alouattn, 555 
Alo'intta senieula, 5 IV 
alpaca, 5 '0 

Alytcs obstert rieans, 720 
I Aiiiblystoma. 43, 177 
1 Amblystoina t igrinnm, 457, 4 7s 
A:nblystomutid..e, 475 
ainbiilaeral vessel, 424 
arnino acid. 8, 75 
aniitosjs. 147 
Ammonite. 333, 6. 62 
amnion, 525 
Amniota, 540 

Amoeba 27, Hit. ISO, /A5. I»2. 213. 073 
Ih-Ii,i\ ioiir, ISO 
excretion, 183 
locomotion, 183, IS-} 
motion, 183 
occurrence, 180 
polvpodius 1S4 
proteus, Is I, 182, JS-5 
reprodurfi* n, Is/, is.) 
respiration 183 

structure, | Hi, IS'J 

systematic position. Iso 

terricolu, Iho, 181 

mnoebocyte, 70 
amoeboid movement , 183 
Amphibia, 4l, /J, >5, 5H, 450, 472, 640, 
607. 700, 71/ 
bionomics, 475 
characters, 472 
el ssificat ion, 475 
comparison with lisli, 473 
ampliiblnstuhi, SIS, 210 
Amiiliineura. 313, .J/J, 310. 333 
Amphioxu*, 40, 4 1. 440, 4 47, //.V, 540 
affinities, 454 
alimentary canal, 4 40 
circulatory system, 449 
coelom, 450 

development, 4il. J-i'J, 451 
excretory system, 46-» 
external features, 4 47 
lam-oolatiiM. 4 48 
musculature, 450 
reproductive system, 45o 
respiratory system, 4 40 
skeletal system, 460 
Ampliipod, 707 
Amphi<«bucnid. 485 
Ampliiuma, 474. 475 
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Amphiumidae, *]? 

Amp duriidae, 
mnyIo6e,74 

umylum body, 104 
atmbolisro.O __ 

analogous organs, '»-» 

Anninnia. 5»0 
ano ph-«ae, 147, 148, 14. 

Anapsidn, 481 

Anna. 510 

\ncvlo8tom«, 30. 

‘ duodenal*. 273. 278 
equorum 27 1 . 

Anguilla, 465_ 

Anguillulu, 274 
Anguis, 481 
frogilis, 4SJ 
nngulospleniul, 117 
animal an enemy of plant, 669 
belm\ lour, ft* 1 
distribution, 080 
fresh-wuter, 073 
haunts. O’. 1 
husbandry, 3 
marine, 072 
terrestrial, (172 
versus plants, 15, 16 
Anlodonta. 431 
nuicdid, 433 
Annelida, 32. 48. 55. 282, 283. 28ft. 302. 
309. 335, 337. 33«, 43ft. 437, 607. 097, 
710 

annclidan circulation. 337 
aunelidan plan of body, 336 
annularis, 63, 

Anniella. 483 
A notion tn, 310 
Anomalodetmucoa, 316 
Anopheles. 197, 198, 201, 213. 280 
eulieifaeicH, 201, lift 
lluviatilis, 201. 4 1 ft 
minimus. 201. 4lft 
stephermi, 201. 4 1 ft 

sundaicus, 201, 4lft 
Auoplura, 358, M»3 
Ansoriformes, AOS, ftIO 
nut, 3d. 330, 300, 100, 10 I. 102, 003 738 
ant-eater, giant. 557, 578 
scaly, 537 
spiny 54 1 
antebrachium, 63 
Antedon, 39, 420. 433 
Anthoroedusae. 221, 224 
Anthozoa 221 
Anthococerns, 54 1 
Anthropoidea, 555 
An thropopit hocus. 640 
anthropology, 3 
antibody, 80, 491 
antitoxin, 671 
nntivenine, 491 
Anura, 58, 475 
ape-man of JaVu, 650, 1 03 
apes, 54 I, 557 


apes anthr *p*i |. jk 

Apbaniptera, -7-57 

aphid, 360 

Aphrodite. 283 

apiculture. 3 _ ... 

Apis dorsata, 402, 403. 10 o 
floren. 402, 103 
indica, 402. 403 
mellifica. 402 
Aplacophora, 316 
A pod a, 437, 475 
Apodes, 46*» 
apposition image, 377 
Apeidosnondyli, 4 75 
Aptenodytes forsteri, 3C6 
A pterygi formes. 506 
Apterygotn, 356 
Apteryx, 506. 307 

Arab, 045 — 

Araehnida. 667 

A r» ch no idea, 30. 37. 352. 338. 330. 340 
Arbncia, 431 
Area. 312 , 316 
Arcclln. ISO 

nrchueoeytes, 216 
Archaeopteryx, 532, 305 

lithogruphi-a, 46, .5 05, 506, 
AreliHCornithes. 3o6, 532 
Arehiannclid*. 283. 305. 309 
Archosauria, 481 
Arenicola, 283 
Arhifticholdcll ida, 303 
arista, 416 
Aristotlo. 4, 14, 70!) 
aristotle’s lantern, 4-9 
armadillo, 568 
Arinenoid, 645 
arterial system, 84, 85, 87 

A r ,X y .; P 8 o.i-. w.34. »!«.«£.»;• 

337. 338, 342, 343, 314. 352, 437, 668, 
700, 710 

arthropodun circulation, 33 7 
plan of hotly, 333, 336 
Arlicululu. 4 33 

Artioduety la. 30G, 308, 569, 5.3 
A sear id ae, 27. » 

Ascariiiao, 275 
Astra r is. 30. 27 4. 275 
bionomics 275 
effect on host, 277 
life-history. 27 7 
lumbrieoid# s, 273, 275, 281 
structure, 273, 276 
systemtuic position, 275 
Ascaroideu, 275, 281 
Aseidaeea, 442 
ascitlian, 10, 441, 443 
life-cycle, 445 
Aspidocliirota, 432 
j A»pidodii.dema, 431 
' ass. 569 
assimilation, 67 
association, liomotypic, 659 


INDEX 


4 heterotypic, 603 
sexes. 659 

Asterins, 420, 422, 423 
bionomics. 423 
digestivo system, 423 
external features, 423 
internal structure, 423 
nervous system, 425 
regeneration, 426 
reproductive system, 426 
Astorinu, 420, 422 
Asteroidea, 38, 39, 420, 421, 42!. 
Asterozou, 420 
astragalus, 121 , 1 !>, 123 

Awtropecton, 422 

Astrophyton, 423 
nsvashastra, 4 
atavism, 716 
A teles, 555 
atoms, 11 
Auchenin, 569 
Aurolio, 29. 221, 24 2, 2 15 
aurita, 222 
ophyrao, 244 
life-history, 243, 244 
planula, 244 

scypliistomu, 244 
strobilation, 2 14 
structure, 243 
8ystomatio position, 243 
auricle, 81 
auricularia, 435 
Australian, 615 
automatic repair, 9, 10 
Aves, 46, 47, 43, 54, 35, 456, 505 
characters. 503 
avoiding reaction, 186 
axis cylinder, 155 
axolotl, 475, 478 
axon, 129 
aye-ay©, 52, 543 
Azoic, 697 


B 


Babesia, 66.3 
baboon, 557 
Bacillus leprae, 397 
bactoriu, 15 

bactoriolysin, 80 

budgsr, *»63 

Balunoglossus, 40, 435, 439, 410 
alimontnry canal, 439 
circulatory system, 440 
coelom, 4«0 
development, 440 
external features, 439 
oxeretory system, 410 
reproductive systom, 410 
Balantidium, 187, 202 
coli, 201, 212 
Balunus, 314 
baleen, 663 
bananufly, 700 


Barbus, 42 

barnacle, 17, 338. 342. 063 
acorn, 344 
goose, 344, 672 
barrier zoogeographieal, 637 
Da>ioccipitaJ, 610 
basket star, 423 
Bates, 635 
Bateson, 703 
Batoidea, 457 
Hatrachia. il, 53, 475 
418, 435 | bear, brown 563 
grizzly. 563 
malay, 553 
polar, 563 
la-avor, 357, 560 
bedbug, 360, 305 
behaviour, 397 
importance, 397 
lifc.history, 396 
natural enemies, 397 
structure, 395 
bee. 312, 360 
bee-eater. 5 1 j 
bee-keeping, 3 
beetle, 36, 39. «42. 360 
behaviour, 1 86. 67 1 

innate pattorns of, 671 
Belostoma, 360 
boi.thos, 072 
bicops, 126, 127 
bib, 73 

liilharzia see Schistosomia 
binary fission, 184 
binocular vission. 1 4 I 
biocenosis. 655 
biogenotic law, 716 
biometry, 7ul 
hipinnnria, 435 
bird. 3, 6. 15, 503 
bird, courtship, 630 
dovolopinent, 619 
egg, 5/7,519 
feather, 515 
flight, 158 

flight adaptation, 618 
louse. 358 
humming, 512 
migration, 331 
natural history, 530 
nest building, 630 
relation to man, 531 
skeleton, 516 
structure, 505 
bison, 669 
bissus, 321, 322 
biting lice, 358 
Blustoidea, 420 

blaatokinesis, 384 
Blatta australasiae, 361 
nrientalis, 361, 358 
Blattaria, 361 
Blattidae, 361 
blepharoplast, 189 
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blind spot. 630 
blind worm, 4*5 
blood, 78 
bloodllukcs, 257 
body lice. 35S 
Boinbyx, 360 
mori, 40 6 

bone , 161 

Bonnellia, 283 

book scorpion, 338, 310 

Bos, 660 

Bose, J. C , 12 13. 15 
BothriocidaroidoH, 430 
Bowman's capsule, 101 , 160 
brack* ition. 640 
brachiolaria, 435 
Brachiopoda, 26, 692, 007 
brachiuDi, 62 
Brudypus. 557 
Branckiopoda. 344 
Branchipus, 33, 37. 313, 344 
brittle star. 420, 121, 435 
arm section 127 

Brontosaurus, 2, 43, 481, 107, 409, 601, 604 
Brown, 1 1 

brownian movement, 11 
Brutf iirsorge, 661 
Brutpflcge. 661 
Bryo/.on, 17, 26, 081 
huccul cavity, 70 
Bticcinum, 323 
Bucephalus, 247 
buffallo. 669 
Button, 709 
Bufo, 42, 13, 475 

molanostictus, 58, 59, 477 
Biifonidoe, 59, 475 
bug, 342 

moutkparts of, 306 
Bulinus, 57 
Bulla. 3/2 

bulla, tympanic, 610 

Bungarus, 4*<8 

aocrulcus, 48 8. 10 J 
fascialus, 488, 4S0, 401 
Duonodontidae, 569 
bu simian, 6*4 
butterfly , 33, >0, 342, 330 
mou lk parts of, 100 

C 

calcatieuin, 121, 122 

Calcarea, 28, 216 

Cambrian, 697 

camel, 3G6, 66y 

camel, boctrinn, 308 

Came I us, 560 

Camerata 431 

Camerodonta, 431 

camouflage, 680 

Campanulariidae, 237 

Catnponotus. 668 

canal system of sponge, 210, 217 


Cancer, 3 • 4 
Canidae, 663 
Canis, 563 

aureus. 563 
lepus, 563 
capillaries, 84 
capitate, 627 
Capra, 560 
Capybara, 657 
carapace, 345 
Carausius, 33G, 681 
carbon cycle, 221 
Carboniferous, 607 
Carchariua, 457 
carnas>ial, 6 1 6. 020 
Carnivora, 25, 54, 561 
fissipedia, 553 
pinnipedia, 331 
carpus, 63 
cartilage, 132 
calcified, 153 
fibrous 163 

hyaline, 132 
Castor, 30 0 
Cnstoridue, 657 
castration, 708 
Cusuanformes. 506 
Casuarius, 5«.6 
cat, 24, 47, 563, 028 
catabolism, 9 
Catorrhina, 549 
Cafarrhinti , 5^3 
catenary curve, 657 
caterpillar, 417 
Caucasoid, 645 
Caudata, 476 
Caudina, 432 
Ccbidao. 555 
Ceboideo, 555 
Cebus, 555 
cell, 6. 145, 117 

animal, 146, 147 
division, 146, 147. 148 
theory, 146 
Cenozoic, oh 7 
centipede, 37, 339, 311 
Ccutrechi noidea, *31 
Centrechinus. 431 
centrosome, 146 
Copkaloohordata, 439, 446, 46b 
Cephalopoda, 31 1 , 3 14, 331, 332, 
ceplialo thorax, 345 
cercaria, 254 

Cercopitk cidae, 330, 657 
Ct-rcopithecoidea. 556 
Cercopithecue, 557 
Cervus, 569 
Ccstoda, 2 1 6 , 260 
t'estoidea, 30, 259, 271 
C.*tu<ea, 541, 353. 330 563 , 
t'haetodermrt, 316 
i haetogaster, 2*4 
Chuctocnatka. 20 
I Qliaetopleuru, 316 
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a Chalcid, 360 
Clmlina, 28, 215 
chameleon. 43. 45, 4S2 
cheetah, 553. 563 
Chelonia, 411, 482 

chick early embryonic development. 518 

628 ’ ^ ’ ° 21 ‘ 622 ' 52 3 ’ 321 ’ 520 ’ 527 • 
embryonal inembranoe, 525 
embryo, urchenteron, 622 
embryo, blastulation, 6-' 1 
embryo, blood vascular system. 527 
embryo, cloavuge, 521 
embryo, differentiation of ombrvonal 
field, 524 

embryo, guatrulntion, 521 
hutching, 528 
mesoderm, 522 
neural plate, 523 
notochord, 522 
Chilopoda, 339, 341, 352 
Chimaera, 457 
chimpnnzuo, 47, 557, 040 
Chironomus, 230 
priinitiviis 003 
Chiroptvra, 650 
Chiton, 31 , 32, 313, 315 , 310 
Chlumydomonae, 17, 2 0 
Chlorohydrn, 670 
' viridinsimu, 224, 233 
chlorophyll, 18 
choanocytoH, 210 
Choanoflugellata, 210 
Choloopus didactyluH, 070 
Chondrichthye*, 41, 460, 457, 458, 450 
470 

Chondrostoi, 405 

Chordata, 38. 48, 54, 55, 68, 384, 435, 430, 
437, 442, 450, 042, 000, 095, ?0» 

Choriatu, 6 ft 1 

ohromutophoro, 155, 160, 191 
ohromosomo, 140, 148, 707 
chyme, 76 
olitolliim, 283 
cibariutn, 308 
Cicado, 300 

Ciconiiformes, 500 , 610 
Cidaria, 430 
Cidaroidoa, 430 
cilia, 161, 201 

Ciliato, 27, 179 , 180, 187 , 201, 202 , 212, 

384 

Ciliophora, 180 
Cimex, 360. 395 
hemipterus, 395 
lectularius, 398 
rotundatus, 396 
Cirripedia, 344 
oivet, 603 

Cladophiuroidea, 428 
Cladosolaohe, 457, 732, 738 
Cladoselachii, 457 
Clanias, 688 
Claria, 466 


1 classification, 24, 25 7»0 
Clathrina, 216 
climn, 058 
climax. 055 
Cliona. 210 
cloaon, 72 
Clupeus. 465 
Clypeuater, 431 
Ciy po aster ina. 431 
cnidoblasi, 228 
cnidocil, 228 
coati mundi, 553 
oobra, 488, 489 
• binocollnte, 4S8. 489 
monooollate, 488, 489 
poison apparatus of, 492 
Coccidia, 190 
cochlea. 038 

cockroach. 34, 39. 342, 353, 355, 358 
alimentary canal, 368, 369 
bionomics, 30 1 
circulatory system, 372, 373 
compound cyee, 377, 378, 379 
development, 38 1 
digestive system, 308 
oxcretory system, 374 
external features, 302, 3G3 
female reproductive organs, 380 
internal organization. 307 
life-history, 384 
male reproductive orguns, 381 
mouthparts, 303, 364 
musculature, 308 
natural anomies, 384 
nervous systom, 376, 376 
nutrition, 380 
oothooa, 381 

reproductive system. 378, 380, 381 
respiratory system, 372 
senso organs, 377 
systematic position, 301 
trnchoal system. 374 

Coelonterata, 2<,29, 48, 5.5, 220, 221, 224 

709' 24 ’’ 2Ut 248 ’ ° tt7 ' ° 68 * ° 73 ' c »« 
Coelophora, 353 
Colooptera, 360 
collet, rial gland, 378, 380 
Colobidae, 557 
Colobus, 51, 549 
guereza, 551 
colour, warning, 084 
colouration, disruptive, 680 
protective, 678 
Colubrine, 493 
Colubridae, 487 
Columbiforraos, 510 
columolla auris, ei0 
commensal, 187 
commensalism, 063 
community, 672 

oomparativo morphology. 710, '711, 712, 
713 

concurrence, 059 
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coneys, 669 

conglobate gland, 380, 381 
congo-eel, 4 74 , 475 
conjuganta, 208 
connecting links, "10 
constrictor, 127 
continental drift, 689 . 690 
conus arteriosus, 84, 86 
Copepoda, 344 
Coraciiformes, 311 , .512 
corals, 16 , 17. C73 
coral snuke. 484 
Coral lium, 221 
Cardiuin, 31G 
corpuscles. 79 
Correns, 703 
Corvidae, 54 
Corvus, A4 

coronoidcs, f>0 

aplondcna, 50, 54, 309 
CorydUdae, 301 
coracoid, / 17 , 118 
corpora qundrigeininn, 030 
corpus callosum, 030 
correlation, coefficient of 701 
Cotylurus, 257, GOG 
Cotylosnurin, 481 
counter-shading, 080 
cowbup, 300 
crab, 338, 342, 3 44 
crane, 610 

Craniata, 41, 58, 439, 042 
cranium of frog, 113 
Cratosolnche, 4 >7 
crayfish, 342, 344 
Crepidula, 323 
Cretaeecus, G97 
cretinism, 145 
cribriform plate, 04 
cricket , 390, 391 
Crinoideu, 39,420, 433 , 435 
Crocidura, 547 
crocodile, 481, 004 
Crocodilin, 481, 494 
Cro-Magnon man, 632 
Crossoptorygin, 711 
Crossopterygii, 405, 471, 473 
cross-over. 708 
Crotalns, 491 
crow. 17 . 309 , 512 
crura corcbri, 031 

Crustacea, 33 . 34 . 30.200.338. 3/2, 
344, 352, 007, 072, 073 
Cryptochiton, 310 
Cryptobranchidae, 475 
Cryptobranchus, 475 
Cryptozonia, 422 
ctenidium, 319 
Ctenocephalides, 419 
ctenoid scale, 408 
Ctenophora. 20 
cuboid, 029 
cuckoo, 512 
CuculiformeR, 512 


Cucumaria, 39, 420, 432 
Culex. 280 

futisans, 415 
Cidicidae, 410 
cuneiform, 029 
Cuspidarie, 310 
cuttlefish, 31 , 32, 332 
cyanogen theory, 13 
cyclic hetcrogencsis, 197 
cycloid scale, 408 
I’yclophylliden, 200 

cyclosis, 200 

Cyclostoinuta. 41, 65 , 465, 458 , 540 
Cyclosfcomi, 460 
Cyclops, 2o8, 343 . 344 
Cynoccphulus 657 
Cynognathus, 734, 735, 738 
Cyon, 5-3 

Cypraca. 312 , 314, 323 
Cyprinoid fish. 405 
Cyprinus, 405 
Cypris, 341 
cystioercus, 2*»3 
cystic duct, 73 
Cystoidcn, 420 
cytopharynx, 203 204 
cytoplasm, 140 
cytoplasmic inclusions, 140 
oytopyge. 204 
cytostoine, 188, 203, 204 

D 


313 , 


Danaus, 300. 407 

chrysippus. 400, 407 , 081 
Daphnia, 343 , 344 
Darwin, 674. 727 
Darwinism, 723, 727 
Dasypus, 657 
Dasyurus. 645 
death's head moth, 300 
Dccapoda, 333, 344 
doeidua, 538 
deer, 366 , 509, 570 
Del phi no, 503 
deltoid muscle, 127, 128 
Dcmospongiu, 210 
Doinospongiue. 28 
dendriform organ, 432 
dondron, 129 

dental formula. 530 * 

Dentalium. 31 , 32, 312, 314, 315, 310 

dermis, 165, 160 

dontary. 117 

deprossor, 127 

Dermaptera, 3-5o, 368 

Dorinoptera, 547 

desert, 673 

deviation, average, 701 
standard, 701 
Dovoninn. 697 

do Vries, Hugo. 703, 729 , 731 
Diudectos, 481 
diastole, 94 
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c Dibothiiocephalus lotus, 260, 207. 268 
^ Di brunch ia, 333 

Dicrocoeiium dendriticum, 248 

Itidelphia, 547 

Didelphys, 54 J . 547 

Didinium, 202. 210 

Difllugiu, ISO 

Digenea, 247. 249 

digestion, 67 

dihybrid, 705 

dilator. 127 

Dimei rodon, 481. 495. 400. f. 04 
Dinoflngellata, 188 
Dinotherium, 564, 569. 719 
Dinothorioidna, 569 
Dinornis, 606 
Dinornithiformes, 506 
dinosaurs, 1, 481. 697 
Dioctophyine, 274 
Dioctophyinoulcu, 274, 281 
Diphyllidoa, 260 
Diphyllidium cunimim, 268 
dipleurula, 434 
dij>loid number, 148 
Diplodoous 4sl 

Diplopodo, 338. 341, 352 
Dipnouati. 465 
i)i|>noi, 090 
Discoglossn. 475 
DixcogloHsidue, 475 
Disoonioduaae, 221, 243 
Diptorn, 300 410 
discuse, 670 

Distomum htpaticum, 248 
distribution, continuous. 688 
dincoiit inuoiiH, 688 
dog, 5. 10. 41, 42. 47 
dogfish, 41. 42, 45S 

cx torn id feat tiros, 45S 
internal organization, 460 
dog’s skull, 610, 017. 01S 

Dollo. 710 
dolphin, 563, 076 
domestication, 722 
dominance. TOC 
Donnx, 312 
Doris, 323 
Draco, 44, 4S3, 485 
DraounouliiH, 274, 2*1 
incdinensis, 273, 2>0 
dragonfly, 35.0 
Dricsch, Huns, 725 
DromauU8, 606 
Drosera, 19, 669 

Drosophila, 700, 701, 70«, 722, 728, 731 
inelanogastor, 700, 730 
duckbill, 541, 542 
dugong, 669 
Dujuruine, 7 
duodenum, 72 


ouglo, 610 


earthworm. 32, 2S3, 284, 307. 309 
adaptations. 300 
bohaviour. 300 
bionomics, 2s4 

circulatory system. 28 8, 289, 290 
development, 298 200 
digestive by stein, 286, 287 
excretory system. 292 
external features. 285. 280 
locomotion, 296 
natural enemies, 301 
nervous system, 204, 205 
nutrition, 298 
regenorution, 298 
relation to man 301 
reproduction, 298 
reproductive system, 296. 207 
respiration, 298 
sjptnl ncphriditim, 293 
systematic posit i a», 284 
earwig, 660 
Echidna, 541 
Echinaater, 422 
Bchinobothrium. 260 
Bchinocoeciis, 260 
granuloNii. 260 
Echinorystoidon, 431 
Kcliinodermnt «, 38, 39, 55. 420, 669, 697 
affinities, 435 
development, 434 
. larvae, 434 

Eoliinoidoa, 38, 39, 420, 421 , 428, 420, 431,. 
436 

Echinolampus, 431 
Ecbinorchinus, 422 
Echinus, 420, 431 
Ecbinozoa, 420 
ecological faotor, 654 
ecologies! valence. 666 
ectoparasites. 196 666 
ectoplasm, 181 
Edentata, 567 
eel, electric, 405 
effector, 130 
Eimoria, 190 
ejestion, 07 
Klnpidae. 488 
Eh. pa, 488 
oloctron, 11 
Electrophorus, 465 
elephant, 47, 663, 506 
African, 569 
Indian, 669 

elephantiasis, 279, 280, 281 
Elvphantidae, 569 
Elephantoidea, 669 
Elephns gant-SH, 719 

imperator, 719 
imperialis, 669 
indica, 666. 569, 719 
primigous, 719 

embryology. 714, 715, 717, 718 
Empusa rnusci 669 
ondocrino system, 66 
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endomyain, 153 
cndopurasitc, 195, 6GC 
endoplasm, 181 
Endopterygota, 3G0 
ondoskdeton, 336 
endostyle, 441, 443, 449 
endothelium, 151 
Enhydrina valakadyan, 487, 488 
Entamoeba, 180 
blattae, 384 
coli, 187 

gingivalis, 181 

histolytica. 181, 187, 213 
Entorobius vormicularis, 273. 2S1 
entomology, 3, 353 
Kntozon, 28, 58 
environment. 10 
enzyme, 9, 74 
Eonnthropus dawsoni, 651 
Eocene, 697 
Eodolphis, 738 
Eogyrimis, 734, 735, 738 
EohippiiR, 719, 724 
Ephemera, 357 
Ephomoroidea, 357 
opicorncoid, 1 18 
opidormia, 155, 150 
opisternum, 117, 118 
Epistylis. 202 
epithelium, 150, 151 
epizoiain, 6'6‘3 
Equu8 aasimis. 5G9 
cabnllus, 5( 9 

zebru, 509 
orepain, 76 
Eretliioxon, 557 
E re t Itio/.on tidao, 557 
Erinucoiia, 547 
Eryopa, 475, 470 
erythrocyte#, 79 
Eskimo, 646 
Ethiopian, G45 
ethmoidal, G10 
othmoturhinal, 012 
Eubloinina amahitia, 39'J 
Euciliata, 202 
Eueyrtidium, 180 
eiigonieN, 702 

Euglona, 19, 20. 27. 179, 18S. 213, 073 
bohnviour in, 1»2 
excretion in, 191 
gracilis, 188 

locomotion, 100 
reproduction, 191 
viridia, 188, ISO 
Euglenacoae, 1*8 
Eugleuoidina, 188 
euglonoid movement, 190, I'll 
Eumence, 661 
Euplectolla, 23, 215, 216 
Eurytreraa pancroaticum, 248 
Euapongia, 28. 2 16 
euatachinn canal, 70 
Eu9thenopteron, 733, 735 738 


Eutheria 547. 642 
Euiliyntura , 323 
E Vania, 385 
evolution, 3, 48, 709 
evidence for, 710 
history, 709 
human, 732 
theories, 723 
excretion, 76, 99 
exconjugant, 209 
exoccipital, 113, 610 
Exocyclidea, 431 
exoskeleton, 336 
expiration, 98 
exponential law, 657 
extensor, 127 
extinction, 698 
eye fly, 281 
oyeworm, 281 

F 

faggotworm caterpillar, CSS 
fairy-shrimp, 342 
falcon, 610 
Falcon iforn os. 510 
Fasciola. 29, 248, 247 
gigantoo, 248 

hepatica, 248. 249, 257, 271 
alimentary system. 249 
excretory system, 250 
nervous system, 249 
reproductive systom, 251 
lanccolatum , 248 
Fasciohdae, 249 
Fascioloides magnn, 248 
Fuiciolopsis buski, 257, 269 
fat body. 77 
Pavia, 221 
Felidae, 25, 54, 563 
Felis, 25, 54 
cougar, 663 
ehaus, 563 

domcsticus, 25, 50, 51, 64, 603 
I co, 50 

leopardus, 60 
l-gri*. 50. 503 
foinur, 03 

fenestra ovali*, 016 
fern, 15 
fibrin, 80 
fibrinogen, 80 

fibulnrc, 122 

filarin, 280 

Filaria sanguinis, 280 

Filarioidca, 274, 281 
Fissipcdia. 563 
Fissurelln, 323 
Flagellata, 27. 179, 187 
flagellum. 189 
flamingo, 610 
flatfish, 405, 466 
flea, 418 
Flexibilia. 433 
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r flexor, 127 
llundcr, 40.} 
fyingfish, 405. 409 
foramen anterior palatine. 017 G20 
anterior pterygoid, 018 
carotid, 019 
condylar, 020 
hypoglossal, 020 

incisive, 020 

infraorbital, CIO 
lachrymal, G17 
magnum, 113 
mandibular, 020 
mental, 620 
obturator. 024 
ovale. 018 

posterior glenoid, Gl9 
posterior Incorum, 020 
posterior plan tine, 017 
posterior pterygoid, 018 
rotundum, 018 
sphenoidal, 617 
sphenopalatine, 017 
stylomastoid. Oil) 

Forurni oifem, 180, 072 
forest, deciduous, 073 
evergreen, 074 
tropical rain, 073 
Forficula, 358 
Formica, 402 

fossilizution, changes during, 095 
fossils, 1, 091, 092. 093 , 094 
fowl, 40 

domestic, 610. 011 
fox, 603 

frequency of error, 701 
frog, 0, 14, 67. 450 

afferent branchial of, 175 

nrchenteron, 108 

autonomic nervous system, 137 

blnstocoole, 107 

blastopore, 107 

blastulation, 107 

brachial ploxus, 137 

brain, 131, 133 

cardiac plexus, 138 

chorda dorsalis. 108 

cleavage, 107 

eooloin, 170 

conus arteriosus, 175 

cranial nerves, 135 

development, 103 

dipnoun sta/e, 172 

ectoderm, 108 

efforont bronchial, 176 

embryo, 108 

endocrine system, 144 

ondoderm, 108 

oxeretory system, 99 
oxternal features, 69, 01 
eye. 141 

fat bodies, 102. 103 

female reproductive organs, 130 

fertilization, 105 


gnstrula, 108 
gastru lotion. 107. 108 
germinal layer, 108 
gill arches. 173 
histology, 145 
internal ear. It 2, 143 
intestine. 15S 
kidney. 159, 100 
larva. 170 
liver, 159 
lung, 101 

male reproductive organs, 102 
rn. mhranous labyrinth, 142 113 
mesoderm. 108 
metamorphosis, 170 

muscular system, 125. 12 K 

n^rTfoW ' 2! '- "*• ' 3r - 138 

notochord. 108 

operculum. 171 
opiic chiosina, 135 
organogenesis. 108 
ovary. 100 
pancreas, 159 
pineal body, <32 
reproductive system, 99 101 
sciatic plexus, 137 
segmentation, 100 
semicircular canals. 142. 143 
Skeletal system. 100. 107 
skull, HI, U2 
spermatozoa, 105 
spinal cord, 130. 134 
spinal nerves, 137 
•pleon, 100 
stomach, 165, 157 
tadpole, 170 
testis, 100. 161 
urinogcfiiinl system. 99 
Vocal sac, 03, Iff 
fungi, 15 
Ftingin, 221, 223 


gajaslmstra, 4 
gall bladder, 73 
Galooptlicnis, 547 
Cidliformcs, 510, 011 
gall. 273 
Gallon, 7ol. 708 
Guniasus fossil is. 093 
gumetogencsis, 103, 10-1 
Gammarus cbnvrouxi, 707 
ganoid scale, 408 
gar pike, 406 
Gaaterostomnta, 247 
gastric mill, 347 
gastrocnemius, 127, 123 
gastropod development, 329, 330 
Gasiropoda, 32, 311, 312, 314, 323, 332 
333, 072 
gnvinl, 495 
Guvialis, 181 
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geese, 510 

geimnule. 21S 

gone, 703, 706 

genetics. 702 

genotype, 704 

genus, 21. 50 ^ 

geological chronology, 005. GUO, 097 

geological succession, 005 

Goophilus, 339 
(lephyrea, 283. 300 
gennplasin. 7 -4^ 
giant panda, o52 
(iiardi-i, 167, 188 
intcstinali*. 102 
(ribbon, 557,040, 041 
gigantism, 144 
i In monster, 43 
gingh inns, 020 
G ire (Yu, 500 
giridYc, 47. 506, 500 
island, 1 2 

alveolar, 155 
duel less. 144 
mucus, loti 
poison, 150 
suprarenal, 145 
glass Minkc. 485 
ttl.»b« lisli, 407, 08 4 
Glohigcrinu. 17*. ISO 
glochidiiiin, 321. 3’12 
glomerulus, mo, 101 , I 0 O 
Clossinr, 41.** 

(lalpalis, 417 
(llossiplioniii, 301 
glottis, 71 
glycerol, 75 
glycogen, 70 
Glyptocoduri*. 431 
filial Imho'ilidii, 3 1, 3"2 
Cnalho-iom.Oa, 41, 58, 455 
I'nbles 405 
uo l a i body, 140 
( lOiiiplius, "< 0 '* 
gonuiiguun, 237 
Cordi teen, 20 
( iorgonucca, 221 
Gorgonm. -0. 221. 221 
( !orgonuci*pliallis, 4 2s 
Gorilla, 557 010. Gil 
Grunt iu. 210 

grasshopper, 35, 37, 342, 35U 
hooded, OiU 
grasslands, 0T3 
green glands, 35'* 

Orcgnrina hlattidarum, 3si 
Gregnrinidia, 100 
Gruiformes, 610 
Gryllus, 358 
guano bird, 531 
guinea pic, 557 
guinea- worm, 2s0, 28 1 
fl>/mnoph>oi>a, 475 
Gymnostoinutu. 202 
Gynglyinoili. 405 


H 

habit, 140, 071 
habitat, 57, 672 
Haematobia, 418 
hueinoeo**le, 349 
Haeinamoeba, 27 

liae-i.ocyanin, 348 
haemoglobin, 78 
Haeinosporidiu, 100 
halibut, 40 r > 

Haliclystus, 221 
Halicora, 5C9 
Haliotis, 213, 314. 323 
hal teres, 410 
hamate. 6 7 
Hansen's node. 523 
Hupuleinur, 551 
llapalidne, 555 
Harpogoinyia, 402 
liauHielluin. 410 
Harder ian gland, 030 
Haversian canal, 152, 153 
hawk, 510 
headliee, 368 
heart urchin, 431 
hedgehog, 547 
Ib-inoehus. 083 
Ilidiet is, 603 
Helior.no, 180 
Helix, 32, 314, 323 
llelinlioltx. 14 

llcloderma, 481, 4S6 
susp»-etuin. 464 
llemi.iHlor, 431 

Hemibungarns nigrescens, 4s9 
H'*in»ehordata, 40, 139,450 
hepatic portal. 75 
hepatopancreatic gland. 317 
IL-rdm.mia, 4l, 442 
eeylonicn, 4 42 
imiuritiann, 442 
pallida. 442 
heredity, 3, 702 
heron. 50V. 51 0 
ilerpcsies mungo, 503 
herring. 405 
H«*«perornis, 40, 500 
Heterocoela, 210 
Hetcrodcrn, 274 
I Hcleroptern, 3G0, 395 
Heter**8tomata, 405, 400 
hexaennth, 203 
1 (exact inello, 216 

I (exact inellido, 28 

I I ippoeampus, 465 
Hippv.glessus, 406 
Hi|>p«>poiamidne, 641 
Hippopotamus, 47, 503, 5G9 
Hirudinnria, 33, 2s3, 309, 301, 302 

granules •, 302 

uiunillensis, 305 
Hirudinea. 33, 283, 301, 302 
Hirudo, 301, 302 



INDEX 


niedic-inulis, 302 
hog, 570 

Holcomyrmex, 400, 402 

Holoctypina, 431 
Holocephali, 457 

Holoinetabolu, 360 
holophytic nutrition, 10 
HoJothuria, 39, 420, 432 
Holothuroidea, 420, 42 1 , 431. 435 
Holotriclm. 202 
liolozoic nutrition, 19 
Hoininidae, 557, C42 
Hominoideu, 557, 642 
Homocoeln, 216 
homologous organs, 713 
Homo neundertalensis, G52, 053 
sapient, 0i2, 644, 652, 053, 732 
sapiens fossilis, 652 
soloensis, 052 
Homoptero, 360, 397 
honey bee, 402, 404 
Hooke, Robert, 145 
I look worm, 278 
hooloek, 557 
hoopoop, 612 
hormone, 79, 144 
hornbill, 512, 531 
hornfly, 418 
hors.-, 0. 47, 566, 569 
host, 195 
howso/ly, 416, 416 
howler monkey, 51 
Hugo tie Vries, 700 
Hugo von Mohl, 7 
huninn embryo, 638, 539, 540 
humidity, 057 
Hjoona striata, 503 
Hynenidae, 603 
Hyalonemn, 28. 215, 210 
hybridization, 732 

Hydro, 23, 29, 221, 222, 224, 22 ., 229, 

fu*ea, 223 
fjrinea, 223 
oliyartie. 223 
viridi/i, 224 
vulgaris, 223, 224 
at meal time, 233 
behaviour, 230 
budding, 233 
cnidoblasr, 228 
development, 235 
excretion, 232 
fission, 234 
grafting, 233 
locomotion, 231 
nutrition, 231 
notural encmiep, 236 
nerve net, 229 
occurrence, 221 
regeneration, 233 
reproduction, 233, 234, 235 
respiration, 232 
resting attitudes, 231 


8exual reproduction, 234 4 
structure, 225 rf 

symbiosis. 236 
types of cells i„, 2.-6 
hydranih, 237 
Hydriidae, 224 
hydrocaulj, 236 

Hydroeorallino, 221 

Hydrophidae, 487 
hydrorhizu, 237. 

Hydrozoa, :-9, 221, 2 24, 237 
Hyla, 58, 60, 475. 47 S 
an nee tens, 59 
Hylidae, 59, 475 
Hylobatcs, 557 
hooloek, 040 
l«r, 6 41 

Hylobatidae. 557 
Hymemdepis, 260 
nano, 267 
murina, 267, 268 
Hymenoptera, 360, 399 
hyporparasito, 2 ..7, 380 
Hy r leoidea, 562, 569 
/ 1 aroi/ier mm , 724 
Hyrax, 562, 569 
llyst rieoiiiorplni , 557 

I 

ibox, 570 
ibises, 510 
iehnoumon, 3ti0 
ichthyology, 3 
Ichthyoplii*, 476. 476 
glutinoaus, 476 
Ichtliyopterygia, 481 
IchthyoNiiuria, 481 
Ichthyosaurus, 481, 676 
. Ictidopsis, 738 

244, | Iguanodon, 4HI, 4 OS. 499 60 1 
ileum, 72 

ilium, 120, 122 
immunity, h0, 071 

Inadiinuta, 433 
incubation, 407 
incus, 615 

independent assortment, 706 

Indo-Afghnii, 6l5 
/ nf\ unarm, 201, 072 
ingestion, 67 

inheritance, ancestral, 703 
Insoeta, 34, 35, 30. 37, 34 2, 352. 667 
In8cciivorn, 54 1, 546, 547 
insects, 3, 6, 15 

alimentary canal. 370 
blastokinesis, 383 
cleavago, 382 
compound eye, 318, 379 
embryonal envelopes, 383 
embryonic development, 382, 383 
gastrulation, 382 
nervous system, 375 
inspiration, 98 
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instinct, 671 
Insulin, _ 

iso.au- 08 ,, 

jnfctrpa^tal, 612, 613 
flukes. 259 
irritability, 5, 10 
ischium, 120. 122 
islets ol Langerhnns, 115 
Isoptera, 358, 390 
Isospondvli, 465 


jaekal, 603 
Janiseh, 657 
jellyfish, 29, 222 
'.ruins, 29, 338 
Jurassic, C‘»i 


kala-azar, 198, 193 
Kal lima, 681, 6*2, 730 
Kulo'ermes, 358 
Kainmeror, Paul, 726 
kangaroo. 4", 49, 643, 517 
Uaryokinesis, 147 
Kelvin, 14 
Koratosn, 216 
kidney, 100 
kingernb, 338, 339 
kingflslior, 5 12 
Kinorhynchn, 26 
kiwi, 41. 5 OH, 507 
koala, 19, 513, 647 
koil, 612 
krait. 488 


laholln, 416 
Lahco, 41, 40S 
rohita, 465 
i.ohosii, ISO, | HI 
labyrinth, ethmoidal, 61 1 
Lahyrinthndontia, 475, 476 
lac insect, 397 
Laceif-r laccn, 397 
LantbLa, 192 
Lamell ibranchiaia, 314 
Lacertilia, 481 
lachrymal G13 
Lagomorphn, 557, 501 
I.agomys, 557 

Lamarck, Jonn Baptiste, 671, 07 5, 723 
Lamarckism, 723 
Lamellidcns, 317 

Lamellidens (Lnmollidcns) marginalia, 
316 

larynx, 97 

Lavornnia mnlariae, 196, 199, 213 
Lavoisier, 1 1 

leech, 32, 33, 283, 302, 303 , 310 


locomotion in, 305 
nutrition, 305 
- relation to man, 305 
structure. 302, 303 
leaf insect, 356 , 681 
learning, 140 

Leishmaniu donovani, 189, 193, 397 
Iei9hman-donovan bodies, 193 
Leishmani* tropica, 1S8, 193 
lemur, 51, 549, 550 
flying, 547 
Lemuroidea, 550 
leopard, 663 
I.epa8, 34, 3 », 344 
Lepidoptera, 359, 3C0 
l.opid'.s uiria, 481 
Lepismn, 388 

sacclmrina, 3 7, 387 
i.eporidae, 557 
Lepospondyli, 475 
Loptolinae, 221. >24, 237 
Loptoraodusae, 221, 237 
Lepus ciiniculu*, 572 • 

Lepus rufluaadatus, 657, 572 

Le*tes, 3 8 

leucocytes, 79 
Leucosoleniu, 216 
lovator, 127 
Lewis, 726 
Libellulu, 358 
lice, J93 

Lichtonborg, 736 
life, 5, II, 12 
light, 658 
Limnx, 49, 323 
Limnaoa, 252 

truncatuln, 257 
limpet, 323 
Liinulus, 36. 338, 339 
liniti, 146 
linkage, 708 
Linnaeus, .51, 50 
lipase, 74, 75 
Lithohius, 339 
littoral. G72 
Littorinao, 323 
liver, 72 

livorfluke, 29, 30, 247, 218, 606 
bionomics, 248 
life-history, 252, 253 
natural oncraies, 257 
nutrition, 251 
parasitic adaptations, 266 
parasitism, 256 
respiration, 261 
structure, 249 
living and non-living, 5 
lizard, 44, 450, 183, 481 
limbless, 481 
Loa loa. 281 
lobe-tinned fish, 165 
lobworm, 283 
locust, 387 

Lorustu migratoria, 387 
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Loligo, 314, 333 
Loricata , 310 
Loris, 660 

t urd ig rad us, 55/ 

Losty, 732 

Loxodontia africann, fit 9, 7 I tl 

Luriiius, 353 

Lumbrious, 33, 283, 2*4 

lungfish, 406 f 

Ly codon, 403 

lymph, CO, 9o 

Lynx, 583 

Lyniopliiuroidci*, 428 

M 

Miicacu, .*67 
nmekerel, 4 1 
Macro tics, 406 

macronucleus, I'Oi 

Mac ropes, 547 

Mndreporaria, 221, 223 

madreporife, 423, 424 

maggot, 4 I 0 

magur, 406 

Malacostrucn, 34 4 

malaria, i94 

iniilnrial parasite, 180 

malleus, 015 

Mallophaga, 358 

■nalpighian onpaule, 100 , 101 , 100 

mammal, 25 

Mammalia, 25, 40, 49, SO, SI, 62, 53, 54 
55. 450, 533, 042 
mammoth, 509 
MammuthuH primigeus, 509 
man, brain of, 048 

circulatory system, 047 
classification, <544 
digestive system, 045 
erect posture, 042 
genital organs, 049, 050 
nervous system, 050 
place, 042 
skeleton, 040, 047 
akin, 643 
Htructure. 045 
tooth, 043, 044 
urinogenital HyBlein, 049 
vortniforin apuendix, 045 
innnutoe, 502, 509 
Maim hi#, 609 
mandrill. 52, 548, 567 
*1 anas, 557 

puritadacty la, 557 
mankind, history of, 050 
mandible, 116 
mantis, praying, 357, 368 
Muntodea, 357, 358 
marraoHot, 52, 548, 555 
inarBupial mole, 49, 543, 547 
Marsiipatia, 49, 641, 543, 547 
inaahovr, 41 

MuBtigophorfl, 27, 179, 187, 188, 192, 213 


mastodons, 509 
mealybug, 300 
Mcandrin.., 221, 223 
rnockol’s curtilage. 117, 409 
medullated nerve, 154 
medusa . 220. 237. 239. 240 
Me^adriii, 284, 285 
raegaiiucleiis, 205 
Megaaeolecidae, 285 
Megaacoh x, 283, 284. 285, 309 
mauritii, 285 
Malan< sian, 045 
.Melania. 259 
melanin, 197 
Melongjfui, 312 
Membraeid 4m, 005 
memory, 071 

Mendel, Gregory Jclmnn, 102, 703 
metulclism, 703 
Mrnopon, 358 
men truation, 043 
tni'titul foramen, 015 
Mermie, 274 
inerozoile, 198 
inesogloea, 225 
Mesozoic, 097 
inetucoicnrin, 254 
metamorphosis, retrogri s*i\c, 410 
metaphnse, 147, 148, 149 
Metntheria, S43, 544, 545, 547 
Metazoa, 27, 68, 220 
meteorite theory, 13 
Metridium, 221 
MicToeyprmi, 405 
Microdrili, 284 
micronueleus, 205 
Micrnpodi formes, 512 
millipede, 37, 341 
Milliporn, 29 

niiineais, 080 

mimicry, 084. $85 

Bated.. n, 085, 080, 087 
.Mullerian, 080 
Mimosa pudico, 17 
miniiuUH, 405 
Miocene, 097 
mirucidiuiii, 252 
missing link, 720 
tnit-, 338 
mitochondria, 140 
mitosis, 147, 148 
Mitre, 3/2 
moo, 500* 

1 Moeritherium, 504, 509, 719, 724 
Mole, 405, 077 
mole, 47. 546, 547 

Mollusca, 31, 32, 55, 200 31/ , 313, 332, 
333, 335, 435, 0G8, 073, 079 
moliuscnn plan ol body, 311, 312 
mollus an shell, 3/2, 313, 311 
Molpudonia, 432 
Monaxonidn, 210 
Mongol, 045 
Mongoloid, 045 
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mw ££y.*£p“ cl l,in * 555 
fo&r. S49.ua 

lVl xcnqu<', oo7 
proboscis, 550 , 00/ 
spider, 555 

ftfonitzin eacpansu, 268 
MonocyBiit), 196, 301 
Monogenon, 247 
m«mo|iybrid,.704 

Monospmigia, 216 

Mouolocardio, 323 
Monolrcmala, 541 
Morion, 700, 731 

morphology, 2 

m.<«nic image, 377 
mopquit'S 36, 360. 409, 410, 411 
lilc-history. 413 
mouthpiirts, 411 
organi/ation, 414 
mud eel, 474, 475 
mud puppy, 475 
niugil, 465 
Muller, Fritz, 085 
mullet , 465 
multangular, 027 
Muivn, 323 
Muroidea, 5.57 
M ili*e;» duinem ien, 417 
uelnilo, 413 , 417 

put ton i, 417 
vieina, 417 
muscle**, eurdiue, 725 
striped, 120 
unstriped, 120 

mushroom-shoped body, 380 
Mu»tclid>.e, 503 
mntunt, 700 

m it ni ion, 700, 722. 723, 731 

mnt uulihin, 004. 009 

M\ n, 310 

M\ e-t oy.ou, 20 

m>»*|m. 155 

loynu, 07o 

My-uci*. 530 

My 1 ineeopluieiiH. 537 

my 1 in e"pl»ily. 067 

M VHioem eti, 503 

Mytilus. 312, 310, 063 

My .vine, 41 

Mv/.ost* 11 m, 433 


N 


488 

buncnrua, 488, 490 
tripudicn**, 488, 409, lUo 
Noiudneea, 317 
nnrwnl, 500 
Nasdjs, 550, 557 
nntur nl selection, 727 
Nautilus, .37,32, 332, 333 
Xcnndertnl man, 052 
j,! itur , 274 


nmoricanus, 273, 278 
Necturus, 42, 43, 475, 477 
Negrillo, 644 
Negrito, 645 
Negro, 644 
Negroid, 644 
nekton, 672 

Nemnthelrninthes, 30, 273, 274, 275, 281, 

667 

N.-ra Hoeystis, 301 
nemitocvats. 226, 227 , 228 
Nemstoda, 274, 275 
nematodes, 301 
Nrmertineo, 26 
Noooorutodcs, 465 

Neognat hae, 500, 60S, 509, 510, 511, 012, 
513, 514 
Neoroeiiia, 316 
Noopterygii, 46 *», 466, 471 
Neornithes, 506, 31<0, Oil, 512, 513, 514, 
532 

Neosporidin, 196 

reoteny. 477 

Nepunthee, 19 

Nerci*, 32, 33, 283. 308, 309 

ncritie, 072 

Nvritii8, 312 

newt, 42 

Noctilum, 170, 170, 137, 188 
nose botHy, 4 18 
Nnitom «, 257, 666, 608 
Notharctus, 735 
noioebord, 436 
Notoryctoa, 547 
nucloncontrosomo, 102 
Nuculu, 316 
Nummulites, 180 
Nyctieebus, 5)1 

O 

OMi«, 29, 221, 222. 213. 236 

ultcrn ktion of generation, 242 
development, 2t0 
genicuiutn, 237 

life -cycle, 2i 1 

struetu re, 237, 235, 239 
O.-topus. **2, 314, 333 
O lonntrt, 358, 359 
Odontocopti, 563 
Otlontognatbue, 506 
odontophore, 325 
Oeeopbylln, 402 
Oenothera hunurckiann, 700 
Olicoclincta. 33, 283, 284, 286, 309 
Oligocene, 697 
Olivo, 312 
• mnvtlidin, 351 
niu-Viosphere, 263 

Onispus, 344 * 

ontogeny, 716 

Ony«*bophorn, 340, 341, 352 

Opulinii, 187, 202 

Ophidia, 481 
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4 Ophioglypha, 428 

Oplijomyxn, 420, 422, 428 
Ophinsaurus, 485 
Ophiotbryx, 420 
Ophiurn, 30, 420, 428 
Opiu o|dos, 3«, 39, 420, 42/, 427 
* 'pwthobmncliiatsi, 323 
Opisthoglypha, 487 
Opisthorchis .-in. tims. 218 
opossum, 47. 544. 547 
ora ne uinn, 552, 557, 040 
Orcinus, 5G3 ^ 

Ordovician, 007 
oriole, 512 
ornithology, 3 

Orn i l horhy nchns, 47, 541, 542 
anal inus, 512 
orthogenesis, 732 
Ori Imtoinus siitorius, 530 
OryoteroptH, 503 
Oryctohigns .nni.uhis, 572 
Osoarella, 210 
oiM'tilmn, 210 
nsphnidinm, 321 
OstnriophyFj, 405. 4G0 
( >» | • • i « * | ■ t liy.>- . 41, 450. 405, 471 
< >si racjon, 405 
Ost moods, 344 
()«•( raoodorim, 455, 450, 007 
0*1 ron, 314, 310 
ostrich, 531 
otter, 503 
our face, 737 
Ovis, 500 
owl, 40, 51 1, 512 
ox«n, 500 
Oxyuris, 385 


P 

painlutd'iU'KiM, 250, 470 
I'agurus, 004 

P.daoant hropus hoidsIhcrgcnNj*, 052 
I'ahioognul hue, 500, 507 
Paliicnmustodoii, 564, 500, 710 
J'lilacmon, 34 I 
palaeontology, 710, 72o 
Pa Incopi orygii , 405, 471 
Pnlacot any nitrides liinloiii, GUI 
Palaeozoic, 007 

pulnco/.oolocy, 3, 001 

palm in**, 110 
palate, secondary, 010 
puluto-pterygo-quudrutf, 408 
palliiun, 318 

Panchlora, 301 
pancreas, 72 
pangolin, 656, 657 
Puniheru leo, 503 
pardus, 503 
ti/iris, 603 
Panlotheria, 541 
Pail troglody les, 557, CIO 
Pupilio, 300 


428, 435 


•»»ni, 210 


Paragon i, n us westorinanii, 259 

I •y.un., 27. ,72. 183, ,„ 2 . i U , 214. 

attacked by Diti in i 
nurelin, 202, 2 OS 
autogamy, 21 I 
avoiding reaction, 211 
behuviour, 2 2 
binary fisdon, 200 

biiitiarin, 202 

caudal I mi, 2«I2, 2 OS 
co..jng.,ti„ n , >117, Jos 
cildnraikje, 2 OS, 2 I I 
excretion, 206 
!*“•« inoti..),, 205. 2oo 
**"l ural fin mien, 21 1 
n nrnmr.ior m.clu.ninu, 201 , 205 

mil nt ion, 200 

reproduction. 200 
respiration, 200 
•cruel ore, 202, 203, 2‘U 
"vngainy. 209 

pa rainy h m. 1 91 

Par .. ui lii oj.iix c russidelig, 052 
robust u-, 052 
parapndii-m. 3i 8, JOH 
parasite, 105 
parasitism, 000 
imrasphcnoid, III, // j 
Para /on, 2*. 2 1 'I 
parental care, 6ill, 002 
parrot, 512, 513 
parthonogonidia, 195 
partridge, 610 

Passe res, 51, 500 
Passeriformes, 512, 513 
Patagonian, 045 
patella, 373 

pathogenic parasites, 105 
p.i t liology , 3 
Puuropoda, 338, 352 
Paiiropus, 334 
Pavlov. 110 

1 M*i»eook, 510 
Varson, 70 1 
Pec ten, 312. 310 
Pcctinihranehiata, 323 
Pcdiruhis, 358 

huninnus capitis, 303, 304 
humamis vostiincntonun, 303 
|H*lugic, 07 1 

Pelecypoda, 311, 312, 314, 315, 310,317 
• 4 . 4.4 

f 'lican. 510 
oliconi formes, Mil 
PoJmatohydra olignetis, 223 
Pelmatozoa, 420, 421, 422 
Peloinyxa palustris, 1 s 1 
Pelycosaurio, 481 
fiengum, 48, 500, 60S, 075 
Ponnatiiln, 22 1, 222 
Pcnnatulacca, 221 
Peiitacrimi8, 433 
Pentagonaster, 420 
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Pontostoju/da, 342, 352 

j>orrt» n0 ^ os » ^47 
pore*, 465 

pcrcomorpha, 405, 467 
pericardium, 81 
perimysium, 153 
Perminnus, 697 
Peripatus, 340, 341, 710 
Pcriplanctu americana, 

363, 365, 367, 385 
australasiae, 3 W 5 
brunnea, 301, 3*5 

Perischoechi noidea, 43 1 
Pcrisphoria armadillo, 301 
Perissodactyla, 541, 566, 567, i09 
Peritrieha, 202 
Petulospyris, 180 

E Stromnstoid, 015 
utromy/.on, 41, 12, 455, 453 
petrotympanic, 013 

Pfluger, 14 
phagocyte, >"0 
phagocytosis, 07 1 
Phanero/.onia, 422 
Phnseolaretus, 547 
Phasiuida, 356' 
pheasant, 510 
phonotypo, 701 
Phorotima, 33, 283, 284, 300 
posthnma, 285 
Phlobotomus, 103 
Phocaona, 503 
Pholns, 310 
Pholidotu, 556 
Phoronidca, 20 
Photocorynus, 0 0, 000 
spiniceps, 660 
photosynthesis, IS 
Phthirius, 358 
pubis, 3'»3, 304 
Phyllium, 358 

hioculntum, 356, 35s, 0S1 
Phyllobot hrium, 200 
Phyllodroinia germanica, 301, 385 
Phy llodroiniidac, 301 
Phyllopoda. 314 
phylogenv, 7 10 
Phy sal in, '221, 222 
pelagica, 222 
physiology. 2 
Phytomnstigina, 18' 
Phytoinonadina, lss 
Pisci formes, 512 
Pierocera, 312 
pig, 566, 570 
Pita, 32, 31 », 323, 334 

alimentary canal, 325 
circulatory system, 320, 327 
conica, 323 
excretory system, 327 
external features, 324 
globosa, 323 


j norvous system, 32S, 320 
reproductive system, 327 

shell, 324 
theobaldi, 323 
virens, 323 
Piltdown man, 051 
pineal body, 62 
pineal eye, 62 
Pinnipedia, 563 

? inworm, 2*»1 
ipa, 475. 476 
pi pa, 59 
pipefish, 465 
Pipidae, 5 ', 475 
Pisces, il, 42, 455 
Piscicola, 301 

P isiform, 027 

ithecanthropus erectus, 650, 651 
Pithccoidca, 540, 555, 642 
pituitary, 144 
placenta discoidea, 541 
foetal is, 538 
uterina, 538 
zonaria, 541 
placentnlia, 541 
placenta t<on, 536, 537, 538 
placoid scale, 460 
Placuna placenta, 315 

f laico, 4 1 

lonarin, 29, 30. 240, 247 
Plankina, 216 

E lankton, 672 
lanorbis, 257, 312, 323 
plant, insectivorous, 069 

E lnsmn, 79 
lasmodiidno, 196 
Plasmodium, 27 
/aid jtarunt, 190 
un mac ul alum, 106 
nmlnriac, 196. 199, 213 
vivux, 1V6, IDS, 199, 213 
Plnsmodromn, 179, 181, 188 
plnsmogcl, 181 

plusniolcininn. 181 

P lasmosol, 181 

lntvhclminthes, 29, 56,48, 240, 247, 249, 
259, 271, 607 
Platypus, 47, 710, 733 
Plalyrrhiua, 540 
1‘lalyrrh'uii, 555 
Plcctognathi, 405, 466, 46S 
Pleisantliropus trnnsvaalonsis, 052 
Pleistocene, 6 «7 
Plesiocidnroidea, 431 
Plesiosaurus, 481 
Pleuraeanthi, 457 
pleurocercoid, 268 
Plcuronectos, 465, 466, 682 
Pliocono, 697 
Ploceus, 513 

philippinus, 530 
pluteus, 425 
Poecilocorus, 358 
polian vesicle, 425 
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I'olycliacta, 33, 283, 308, 300, 433 
polyem bryony, 386 
Polygon! i us, 283, 305, 300, 307 
PoJymastigina, ]8 8 
Polynesian, 045 
polyp, 220, >37, 240 
Polypterus, 733 
Polyplacophora 310 
Polystoma, 247 
Pongidae, 040, 042, 552, 557 
Pongo, 552, 557 
sutyrus, 557, 040 
pons variolii, 031 
porcupine, 557 
porcupine fish, 408 
Pori fora, 28, 55, 215, 210, 008 
Porospora gigantea, 170 
Porpita, 221 
porpoise, 503 
portal circulation, 00, 91 
potterwasp, 662 
prawn, 335, 338, 342. 352 
appendages, 340 
behaviour, 351 
circulatory system, 343 
digestive system, 347 
external features, 345 
nervous system, 351 
reproductive system, 351 
respiratory system, 340, 350 
predatism, 005 
predator, 005 
presphenoid, 61 1 
pressure, 057 

Primates, 51, 548, 540, 550, 551, 552 

Prionodesmaeca, 310, 317 

probahlo error, 702 

Proboscidia, f03, 504, 505 

Procellariifonnes, 500 

pronghorn, 570 

prophase, 147, 148 

Propit hecus, 738 

Prosobrnnchiata, 323 

prosopyle, 210 

Prosoplcetu, 353 

Prostoinata, 247 

protein, 8 

proteose, 74 

Proteroglypha, 487 

Protorospongia, 188 

Proteus, 474, 475 

Protista, 20 

Protochordata , 39, 40, 438, 439 
Protociliata, 202 
Protoxnonadina, 188 
protonephridia, 307 
protons, 11 
protoplasm, 7 9 
Protoptorus, 405 
Protothoria, 541, 542, 571 
Protozoa, 3, 27. 48, 55, 170, 170, 181, 187, 
188, 190, 213, 210, 384, 004, 007, 070, 
072, 093, 095 
protozoology, 3 


pscudopodiosporc, 185 
psciidopoditun, 80 
Pseudo Dhyl I idea, 200 
Psittaci formes, 512, 513 
Ptoronodon, 481. 503, 504 
Pteropus, 550 
Pterosauria 481 
pterygoid. 115 
Pterygota, 387 
Pulex, 300 
irritans. 418 
Pulraonatu, 323 
puma, 503 
pungea, 091 
pupa, 407 
Putorius 503 

Pycnogonida, 338. 339. 352 
Pygopus. 485 
I'./rula, 312 
Python inolurus, 487 

Q 

«|iiadrate, 015 
(|iiadrutojugal, 110 
Quaternary, 097 
Quolclot, 701 

R 

rabbit, 50, 572 

arterial system, 584, 585 
bionomics, 572 
blood. 581 
brain, 030, 631, 032 
eaceum, 578 
caudal vertebra, 000 

cervical vertebra, 002 
circulatory system, 581. 583 
coxal lame, 025 
cranial nerves, 032 
cranium, 010 

digestive, system, 575, 570 
car, 037 

external features, 572, 573 
eye, 035 

female reproductive organs, 505, 598 
fore limb skeleton, 020 
heart 581, 582 
hind limb, 028 

hyoid, 020 

intestino. 579 

kidney, 594 

lumbar vertebra, 005 

lymphatic system, 589 

male reproductive organs, 590, 507 

nervous system 029 

I>cctoral girdlo, 523 

pelvic girdle, 024. 025 

respiration, 593 

sucral vertebra, 005, 000 

scuptila 623 

sense organs, 035 

skeletal system, 599, 000 
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sk!' 1 '*, cord. 034 
*g!!utl nerves 034 
tflorncie vertebra. 004 
trigeminal nerve. 032 
urinogcnital system, 303 
vagus nervo 033 
venous system, 387. 
me Indian, 320 
Hadiolaria. ISO 097 
rmltila. 320 
rainfall. 037 
l<aja. 437 
Hamorn, 003 
Rnnu, 42. 38. 473 
brevjcops. 38. 39 
catesbeiann. 39. 149 
eynnophlyct is. 08, 39 
eseulenta, 59 
hexaductyln. 38. 59 
limnoelinris. 58. 59 
oxyrbinus, 59 
pi pious. 59 
temporaria, 59 
tigrina, 38. 59 
Rntiidao, 58, 475 
rat Ilea, 337, 4 IS 
Katitae, 090 
rattle snake, 488. 102 
ray fish, 41, 430 
reasoning, 071 
Kedi, 14 
redin, 254 
recapitulation, 710 
Recent. 097 
Red Indian, 045 
rellex action, 138 
relic x are, 138, 130 
rellex, conditioned, 140 
reindeer, 3, 4 
reptile, extinct . 195 . 

Kept ilia, 42, II. 13. 10. 33, 450. 479, 3t»4 
advances over Apmliibia, 479 
elassi llcat ion, 481 
be . 1 rt. ISO 
living. 48| 
structure, 480 

resemblance, protective, 070, 080. OS I, 
0H2 

respiration. 90, !»7, 98 
reversion. 731 
Rlmcophorus. 58 
maeulatiis, 59 

Rhamphorhy radius, 481, 50 1. 302, 503 
Rheas, 500 
Rhei formes. 500 
Rhinedon. 457 

Rlunoeeros. 47. 300, 307, 509 
unicornis. 307 
Ithizopida. 27, 179 
Rhizopertlm dominion, 030 
Rliynchobdellida, 30 1 
Rhynehoocphulia, 481 
Rhytina, 509 


Rickettsia prova/.cki, 393 
«|Uint anno, 393 
robin, 512 

Rodent ia. 541, 557, 300 
rotator, 127 
rotifers. 20, 183 
Ruminant ia, 541, 509 

S 

Saccdiaromy« ctes, 070 
Kalmaeis. 431 
Snlamandra. 475, 711 
atra, 720 
maculosa, 720 
Snlamandridao, 473 
Salient ia. 473 
Salnio, 405 

Saltatoria, 358, 330, 387 
sand dollar, 431 
sandflies, 193 

saprophytic nutrition, 191 
8* rc ode, 7 

Sareodina. 27, 170, ISO, 131, 187, 213 

Sarcopliilus. 547 

Sartliropliyllia, 070 

Sam ia, 481 

Sniiriscliin, 481 

Sail ropsi da, 541 

Saurontorygia, 481 

sawfish, 458 

scale insect, 300 

scaly ant-eater, 550 

Scapliopoda, 311, 312, 314, 313, 310, 333 
• Sob'ller, 739 
Schist occrea. 358 
gregaria, 387. 3S9 
Schistosoma, 247 
Im> v is, 259 
haemal obia, 23S 
indicum, 259 
japoniciini. 259 

Mdiistoinoiniasis, 2!»8 

schi/.ogonv. 197 
seb i 7.0 nt , 197 
Selihissvcrein. 035 
Schwann. Theodor, 145 
Sciuridae, 557 
Sciuroinorpha. 557 
Sciurus palmaruin, 557 
sclerohlast, 210 
Scolindnn, 41. 457. 471 
external features, 400 
spiral valve, 400 
Scolopendra. 39 
Scolo|H»ndrolln. 338 
scorpion. 30. 39. 330 
Sentigera. 339. 34 1 
Scyphozoa. 29. 221. 243 
sea anemone. 20, 222, 044, 072 
«e« cow. 509 

sea cueuinlx-r. 421, 431. 432, 433 
j son horse. 405. 408, 001 
sou lilies, 17, 420, 433, 435 
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sea lion. 551, fni3 
sou nun iso, 283 
soa oltor. 553 
*<**» snake, 487, 488 
soil spider, 338, 330, 072 
soa sijnirt, 441, 442. 072 
sea urchin, 38, 421, 420, 43o, 431, 435 
seal, 554, 503, 075 
segregation, 7lNi 
seinipluecntu, .141 
Soinnopit hocus, 557 
Sepia, 314, 315. 333 • 

Serpent os, IS I, 487 
seroKii, 525 
sox, 707 

sex-linked inhoritanco, 708 
Seymoiirin, 734. 735, 738 
shark. II. 430, 075 

haimnor- headed, 150 
sheep, 300 

shrew, Alriean water, 540 
pen- tailed, 5/0 
Siamnngu, 557 
silkmoth, 4. 103 
silkworm, 30u 
Silurian, 007 
Siluroid lisli, 405 
silverfish, 387, 3s S 
H' Ivory footless li/ard. 483 
Sinanthropus pckingcn.sis, 051 
s'iiiis venosus, SI 
Siphouolla, 281 
Siphonoptera. 300, 118 
Sipiineiihis, 283 
Siren. 174, 475 
Sirenia, 541, 502, 500 
Sirenidae, 475 
Sitophilus ory/ao, 057 
sloth, 47, 557, 553, 550 
sleeping sickness, 188, 103 
slipper animalcule, 2o3 
slavery. 004. 005 
slow worm, 485 
Sminthiiriis, 357 
snail, 31, 32 

snake, 450, 485, 480, 487 
snake Into, 403 
snake poisoning, 103 
Solarium. 312 
S cluster, 420. 422 
Solenieht hyes, 405, 403, 100 
Solenodon. 510 

So/eiioya*lre*, 310 
somatoplasm, 724 
sore, oriental, 188 
Sorox, 547 
sowhug, 344 
sparrow, 512 
Spatungina, 431 
Spat angus, 420, 431 
species, 1, 25, 20. 50 
Speman, 725 
spermatogenesis, 105 
Sphucrophryu, 21 1 


Sphcnioi formes, 503 
sphenet lunoid, 1 1 ;* 

S/»henodon. 481, 731 
Sphyrna, 457 

spicules of s| Hinges. 217 , 338 . 3/0 
spider, 37. 30. 338. Hu 

spuiy ant-eater. 511, 512 
Spirotrieha. 2«»2 

JSpiroehaeta roe nr rein is, 303. 307 
spleen, 78. !I0 
sponges, 17. 073 
S|»ongia, 23. 215 
Spoiiu’illn. 210 

s|Hintiineoiis cener.it ion. 13 . I I 
I s|K»r oeyst. 254 

Spore /on, 27. ISM. 1 05. 100, 213, 3ll| 
s|N»ro/oite, I f*7 
s|K>nilat ion. |85 
springtail, 355 
Srjiinli. 457 
S<|iialus, 457 
S«|iianiata, 481, 132. 187 
s«|uaiiiosa|, 1 1 1. I Hi, «|3 
s«|iiid. 333 
S«|iiilhi, 344 
stii|N*s, 015 

starli»li, S3. 4 2*», 121. 135 
alimentary eanal, 121 
arm section, 120 
statoeyst. 347 
Staiirouiediisae, 221 
Stegoeephidia. 473. 470 
Stegosaurus. 4X|, /'/'/ 5o|, 5tU 
Stcgodon. 710 
Stegoselachii. 457 
I Stent or 137, 2t»2 
stiek inseet, 350 • 

Sliodonta. 431 
stout , 403 

•Stoinopneustes. 131 
Stomoxys. 1 17 
stone eanal, 424 

stork. 5 |<l 

Shc/Uu, rum. 323 
St repl ophiiiroideu, 128 
St rigi formes. 511 512 
Strom Inis, 323 
gigas. 3/3 

St rongy loeenl rot us, 30, 431 
Strongyloidea. 274. 28 1 
Ntrongyloiilcs stercoral is, 27 ! 

St rongy Ins, 274 
struggle for existence, 728 
Struthio camel i is, 500, 507 
St ruth ion i formes, 500 
sturgeon, 405 
Stylaster, 22 1 
succession, 055 
sucking lice, 358 
Suidae, 54 I 
sun fish, 405 

superposition image , N77 
supraoceipital, Glo, 012 
supra scapula, 117, 118 
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S« ,rrrt ^KJftho fittest, "-28 
STSUu* 692 

bU'.j .y 5|-> 

Slow-tail butterfly, 300 
Ivean 48, 510 
swift, 5i2 
Sycon, 28, 210 
symbiont , 004 
symbiosis, 004, 070 
Symphyla, 3 8, 352 
Synapta, 4*2 
Syiaplida, 4 2 

Synaptosauriu, 481^ 

Syncntognathi, 405, 400 
Svnguuthus, 405 

T 

Tachyglossu*. 541, .3 42, 710 
nenleatus, 542 
Taenia, ?0, 200 
bremnori, 208 
caniinim, 200 
oonfusa. 208 
eebinoeoeeus, 200, 207 
ervtbrea, 208 

infant is, 208 
pbilippina, 208 
pisifounis, 200 
naginata, 200. 204. 208. 209 
solium, 240. 200. 2 01. 202, 208, 200 
Taoni nine, 200 
Ti.cnioglossa, 321 
tngnun, 547 
tailorbiril. iVO 
Talpa, 547 
Tapes. 512 

tapeworm, 0. 247 . 200. 203, 201, 272 
tapir. 500, 507, 500 
'fa pirns. 500 
tarsier. 52. 5 IS 
Tarsioidoa, 55*1 
Tarsius, 550 
Tasmanian ilex il. 547 
Tasmanian wolf ,’ 545 
Telanthropws eapensis. 052 
Teloilcsmaeoa, 3 10 
telophase, 147, 148, 140 
Tolosporiilin, 100 
teng-ga-ra, 405 
Teredo, 314, 310 
naval is, 315 
Tonnes, 358 

termite, 342, 358. 300, 502 
tormitophilous, 303 
terrifying appearance. 083 
Tothyidac, 442 
Tcthys, 323 
Tertiary, 607 
Tetrabranchiato, 333 
Tet rac t inell ids, 210 
Tot ra poll a, 41 
tetrapod plan of limb, 122 


i Tet raphylliilea, 200 
Tetrarliyneh idea, 200 
Totrarhynehus, 260 
Thalarctos, 503 
Therift, 54 * 571 
Thyone, 432 
Tbysanura, 387 
tick, 87, 30, 338, 340 
tiedoman’s bodies, 4-5 
tiger, 503 
toad, 450, 601 
tongue worm, 342 
tornarin, 435, 430, 441 
torpedo, 41, 457, 450 
Tragulidae, 541 
Tragulus javanicus, 001 
Trcmatoda, 29, 240, 247 , -71 
' Triarthrus, 342 
Triassic. 097 
' Trieeratoeops. 481, iiUU 
; Trichecbus, 509 
Trichinella. 274. 278, 28 
spiralis, 273, 278, 17J 
! Trie hinelloii lea, 274, 281 
trichinosis. 278 
Triehiuris triehiura, 2iJ, -©» 
trichocyst, 205 
Triehostomata, 20- 

! £!!&£!: TA, u*. 6»3. mi 

, Trilophodon, 5 64, <10 
I Troehohninthcs, 20 
troehophorc, 506, 307, 309 

Trochus nilotieus ,313 
trophozoite, 107 
tropism. 071 

i iS. >«•. 

StS&S. .8*. W» 

rl.odesiense, 103 
Ttinicaia, 442 
Turbellaria, 21h -40, -71 
Tscliennnrk, 703 
tse-tse fly, 417 
tnatara, 481 
Tubifcx, 284 
Tubul iilent at a , oOO 
Tubipora , 22 1 , 222 
tundra, 073 
turkey. 510 
Tu i ko -Tartar, 045 
turtle. 43, 45, 450 
Tvlopidae, 541 
* Tylotriton verrucosus, 4'* 
Typhlops, 485 


U 


Ungulates, even-toed. 500, oOO, 51% 

odd-toed, 560, o60 319, 321 

Unio. 31, 32. 314, 316, 310. til, 

334 

Unionidae, 317 



INDEX 


Urneotvphlus oxyurus, 476 
Urochordata, 41. 4.'*!*. 441. -M2. 43:», 4;»f* 
Urodoln, 474, 475 
Uropeltidao, 4S7 
Uropoltia, 4S7 
Ursidae, 503 
Ursus, 503 
arcus, 503 
Utricularia, 10 , 000 


Vanellus, 080 

Vara mis, 481, 485 

variability, co©flicicnt. iOI 

variation, 700 

Void la, 221 

voligor, 330. 331 

Venus. 310 

Vesporugo, 550 
Vest iarum, 313 
vestigial organ, 713, 714 
vinogarlly, 700 
Vipora, 488 

russoli, 401. 492 
Viporidao, 4HS 
viporino, 403 
vipors, 400 
virus, 12, 13, 15 
vitamins, 0 
Vivora zibetnn, -»o.* 
Vivoridao, 503 
Volvox, 188, 213 
glolmtor, 103. 
von Haeckel, Ernst. / 1 

von liner, Krnst. 710 
Vorticclla. 187. 202 
V id pcs, 503 
vulture. 510 


4 .70 


W 

Vi! I laco! A I f*™* 727 

rasp. 342, 300. 39H , 662 


A 


water bear, 340 
water bug. 660 . 001 
water fleas. 338, 342 
uater vascular system. 424, 
weaver bird. 530. 
Wcismann, August us. 
whale, 47 
whale, fin, 503 
whale, humbnek, 550 
whale, killer. -5 63, 503 
whip scorpion. 338, 310 
whipworm, 28 1 
wliitefliosT 300 
wind, 058 

woodpecker, 512. 5/3 
wolf. 503 

woolly mammoth. 3 
wormli/.ard, 485 
wormsnake, 485 
wren, 512 

Wuehereria. 274. 28 1 

boncrofti. 273. 279 , 280 


X -chromosome, 707, 708 
Xenarthra, 557. 666 
Xenopsylla, 300 
cheapis, 410 

Xiphosura, 30, 338, 339, 352 


Y -chromosome, 707 
yolk sue, 525 


zebra, 47, 667, 500 
Zountherin, 221 
Zooehlorclla. 224, 233, 230 
/.oogeog rap Ideal realms, 690, 001 
zoogeography, 3, 721 
Zoomastigina, 188 
zygomatic, 013 
Zygophiuroidea. 428 
zygote, 161 





